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SCREW PROPELLERS. 


METHOD OF DESIGNING SCREW PROPELLERS, BASED ON 
FROUDE’S THEORY OF SCREW PROPELLERS, AS 
APPLIED BY BARNABY AND ON ACTUAL 
TRIALS OF VESSELS OVER A 
MEASURED-—MILE COURSE. 


By COMMANDER C. W. Dyson, U. S. N., MEMBER. 


In Froude’s investigation of the action of screw propellers, 
and in Barnaby’s development of Froude’s results, the model 
propellers used had a constant form of developed area of 
blade and a constant ratio of greatest width of development 
to diameter of the propeller. 

The form of development used was an ellipse, of which the 
major axis was equal to the radius of the propeller, and this 
form of development was used for all values of pitch ratio, 


P 
D that were experimented with. 


The results obtained from these model tank experiments 
are correct only so long as we adhere to the ratio of devel- 
oped area to disc area used by Froude and Barnaby, and to 
the elliptical form of developed area. We have no way of 
allowing for increase or decrease in the developed area ratio, 
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680 SCREW PROPELLERS. 


except the rough one of assuming that for the absorption of 
equal powers the thrust will vary inversely as the developed 
area. 

By investigation of what occurs when we broaden or nar- 
row the elliptical blade from the width used in the experi- 
ment, it is readily seen that this method of correcting for 
variations in developed area ratio is not only crude but is 
absolutely incorrect, for as the blade widens for any particu- 


lar pitch ratio the length of its resistance arm increases be- . 


yond that of the standard width elliptical blade, and as it 
narrows, the length of this arm decreases. In the first case, 


the resistance to turning of the blade is increased, not only 


by the increase in area of the blade but also by the increase 


in length of the radius to the center of blade pressure, while 


in the second case the resistance to turning decreases, not 
only on account of the decrease in blade area but also on 
account of the decrease in length of the resistance arm. 

If elliptical blades of varying pitch ratios, but having the 
same area of projection on the disc, be laid down, it will be 
noted that the entire form of projection, not only on the disc 
but also in the fore-and-aft plane of the axis of the propeller, 
changes as we pass from the lower to higher pitch ratios. 
This same change of form of projected area also occurs if we 
lay down blades of the same pitch ratio but of different values 
of developed area ratio, thus in both cases showing that not 


only the resistance of the blade due to change of surface, and. 


in the first case change of pitch, has been affected, but it has 
also been further modified by the change in distribution of 
surface. 

In order to guard against these additional effects in the re- 
sistance of the blades of propellers caused by changing the 
developed area ratios, the Bureau of Steam Engineering of 
the Navy Department practically nullifies some of these effects 
by using a standard form of projected area. This form fora 
ratio of projected to disc area of .32, together with the corre- 
sponding developments for various ratios of diameter to pitch, 
is shown on Plate 6. The true form of the development of 
each blade near the hub is shown in dotted lines, while the 
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forms used, in order to prevent excessive length of hub, are 
shown in full lines. 

For any other ratio of P.A. to D.A. than .32 the new pro- 
jected area is laid down by increasing or decreasing the cir- 
cular arc measurements of the .32 area in the ratio of the new 
area to this .32 standard. 

By working on these lines, for any pitch ratio, the resist- 
ance arm of the blade always remains the same, no matter 
what the developed area ratio, and the only change in resist- 
ance to turning is that caused by the additional surface. The 
forms of projection on the disc and on the fore-and-aft plane 
remain constant for all pitch ratios, and the blades meet fully 
the following requirement, given by Naval Constructor 
Taylor and deduced by him from model-tank experiments. 
“A good practical rule would seem to be to make the biades 
broader at the tips for low pitch ratios and narrow them for 
the high ones.” 

The Bureau blades foliow this rule, but in an improved 
manner, as the broadest part of the developed blade, as meas- 
ured on the developed elliptical arc, moves slowly in towards 
the hub as the pitch ratio increases. 

The standard form of projected area used by the Bureau of 
Steam Engineering is what might be called a composite of 
the very best blades of many that have been investigated, and 
in passing from the highest to the lowest values of the ratios 
of P.A. to D.A. agrees very closely with the best blades of 
these ratios. 

By adopting a standard form and value of ratio of the pro- 
jected to the disk area we reap immediately an additional ad- 
vantage. Incase we wish to use Taylor’s formulas for effective 
and gross horsepower in calculating the efficiency of any pro- 
posed propeller we can calculate, and the Bureau has calcu- 
lated, the values of his coefficients A, B and C for a ratio of 
P.A. to D.A. of .32, and where any other ratio is to be used 
the new values of A, B and C are readily obtained by multi- 
plying these calculated values of A, B and C by the ratio 
between the new P.A. ratio and .32. 

Using this standard form of projected area, and the results 
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of many trials over the measured knot, in which great care 
was taken to insure as accurate results as possible, a chart of 
design, shown as Plate 5, has been developed, from which a 
propeller for any particular case can be calculated. The 
method of development of this chart of design, together with 
several problems showing how it should be handled, is given 
in the following. 

A chart for design has first been prepared, based on Barna- 
by’s application of Froude’s results, Plate I. This chart gives 
the values of C, for abscissae and C, for ordinates. This chart 
has been applied in the reverse manner and, from actual trial 
results, and for different values of indicated thrust per square 
inch of disc area, from 1 pound per square inch up to 13} 
pounds per square inch, the corresponding values of C, have 
been taken from the chart and, from these values of C, the 
proper wake factors to use in multiplying the speed, where 
V=M 5S, have been computed. 

In applying this chart, if we take the actual speed, revolu- 
tions and indicated horsepower developed on trial and assume 
a value of M7 equal to unity, we will derive certain values of 
C, and C,. Entering the chart with these values and using 
the ratio of helicoidal to disc area of the propellers used on 
trial, we plot a point on the chart. Through the point thus 
obtained draw a line parallel to the line AB. Where this 
line crosses the pitch ratio of the propeller in question will 
be the actual point of plotting for this screw. 

Now, in the formula for C, <r we have the value of 
C, corresponding to the point as found above, also & and J, 
which are revolutions and diameter of screw. From this 
equation we then find the unknown quantity, V = aN, and, 
having the speed of ship over the measured mile, we obtain 
the value of 17 = 

These values of AZ for a large number of vessels have been 
laid down on a chart whose abscissae are block coefficients of 
fineness with ordinates of 47. Having laid down these values 


. 
0 
0 
bes 
| 


Reciprocating Engine Propellers. 


ive Coefficient. 


+ 


Apparent Slip in percentage. 


~ 


2 3 4 5 
Indicated Thrust per sauare inch of Disc area. 


per sain of Disc area = 


S= Speed in kenots. 
3 


Note=- 


Cs A= Disc area 
A R= Revolutions. 
Cg D= Diam. of screw in feet. 


Slips for maximum efficiencies with varying values of Block 
Coefficient and constant values of M” for each value of 
Block Coefficient. 

M=¥ for use with Barnaby Chart of Design. 


Plate 3. 


| 
| 
| 
0 / 


Turbine Engine Propellers. 


v 
4 
Note :- Shp curves as shown in full lines follow A-B. 


S= Speed inknofs. 
A= Dise Area. 


S.H.P 
Revolutions. . 
Cr Diam.of screw in feet 


Slips for maximum efficiencies with varying values 
of Block Coefficient and constant values of M for 
each value of Block Coefficient. 

M~=€ for use with Bornaby Chart of Design. 


Plate 4. 


33 
‘see 
# 
= 
os 
HH 
HH 
See 
BS 
+H 
oe 
pss 
tee 
tes 
133 
tee 
tes 
‘on 
iss 
= 
os 
| 
es 
Ss 
| 
| 
= 


686 SCREW PROPELLERS. 


of M, those vessels with propellers having approximately the 
same shape of projected area and same ratio of projected to 
disc area which gave the maximum propulsive coefficients 
under different conditions of thrust per square inch of disc 
were selected, and a fair curve run through the correspond- 
ing values of MW, this curve crossing the zero value of / ata 
coefficient of fineness value of unity. 

The curves of 17 which remained the more nearly constant 
through a high range of speeds, and for which the propulsive 
coefficients averaged the highest, were, for large diameters 
and high pitch values, those corresponding toa projected area 
ratio of .32, and for small diameters and low pitches those 
corresponding to a projected area ratio of .54, the former of 
these conditions being that which exists in reciprocating-en- 
gine practice and the latter at the entrance to the turbine 
field. 

The variation in these curves of J for the different values 
of thrusts per square inch of disc area for the best blades of 
similar form (Plate 6) was very small and justified laying 
down a mean curve of JZ. This was done for propellers hav- 
ing a projected area ratio to disc area of .32 and for propellers 
having a similar ratio of .54. Then with these two curves of 
M, and with abscissae of 17 and slip percentages (apparent) 
as ordinates, curves of slip were laid down, and also curves of 
propulsive coefficients. See Plate 2, where these data were 
rearranged on abscissae of block coefficients. 

These curves of slip and of propulsive coefficients were re- 
arranged on abscissae of indicated thrust per square inch of 
disc area, and ordinates of slip and propulsive coefficients 
(Plates 3 and 4 and final chart, Plate 5). 


DESCRIPTION OF CHART FOR PROPELLER DESIGN, PLATE 5. 


There are shown on Plate 5, first, the curves of propulsive 
coefficients for value of a = .32 and .54 by the heavy-line 


curve marked DEF and .32, and by the heavy-line curve 
marked .54. 
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The slips are shown in light lines marked “ Slips for be oe 


= .32” and “Slips for 5a = = =.54.”’ These slips are shown 


for block coefficients Prog .3 to .8, which covers nearly the 
entire range of hulls. 

To obtain the propulsive coefficient curves for other values of 
— , lines are drawn from points on DEF to points on pro- 
pulsive coefficient curve .54, where an equal thrust per square 
inch of projected area occurred, and, assuming that the pro- 
pulsive coefficient changes proportionately with the change 
in projected area in passing from the condition of DEF to 
the condition of .54, these lines are divided each into twenty- 
two equal parts, and through the corresponding points of 
division on each line curves are drawn which are shown 
marked .33, .34, etc. Upon inspection it is found that these 
curves all have their vertices in a hyperbolic or parabolic curve 
AB, and have points of critical deflection such that the curve 
AC will pass tangent to all of these curves of propulsive co- 
efficients, AB and AC approaching each other and probably 
touching at the point of maximum attainable efficiency. 

Dropping down on the chart to the slip lines, the slips cor- 
responding to the line of propulsive coefficients DEF are 


shown in light curves, marked slips for = .32, and are 


P.A. 
D.A. 
given, as stated before, for blocks from .3 to .8 in fineness, as 
P.A. 
are also the slips for ——— DA. 54 
Projecting down from the intersection of DEF with AB 


to each of the slip curves for - = .32, we find the slips 


D. 
required for maximum possible propulsive coefficient with a 


and doing the same for in- 


A. 
propeller whose ratio D.A. 


P.A. 
tersection of propulsive coefficient line for D.A, to the 
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corresponding slip lines, we have the slips for maximum pro- 
pulsive coefficients with this latter projected area ratio. Now 
all other points for maximum propulsive coefficients, corre- 


sponding to other values of , A hae will lie on a line passing 


through these two points, and we have no reason to believe 
that this line will not be a straight line, or if not a straight 
line, will be of such slight curvature that, within the ranges 
of thrust covered, the curvature may be neglected. We there- 
fore assume it a straight line, and through the corresponding 


P.A. P.A. 
points found on the slips for and for DA. “54 


draw the heavy straight lines for each block coefficient of 
fineness, and mark them for each oneas “ Slips for Maximum 
Efficiency.” 

In the same manner, by projecting down to the slips for 
P.A. 
D.A. “5+ 
DEF and .54 with curve AC, we find two slips corresponding 
to the critical thrusts for each block coefficient. By inspec- 
tion, we see that as the thrusts increase the slip for maximum 
propulsive coefficient draws closer to the slip for critical 
thrust, so we pass through each pair of these latter points 
curves which tend to approach to coincidence with the lines 
of “Slips for Maximum Efficiency” as the thrusts increase. 
These curves are marked “S for critical thrust.” To 
obtain slips for maximum propulsive coefficient for any 


= .32 and from the points of tangency of 


P. 
value of ee » project down from the intersection of the cor- 


responding curve of propulsive coefficient with AB to the 
line of “Slip for Maximum Efficiency” for the block coeff- 
cient under consideration, which, if not shown, can easily be 
interpolated for. 

In the same manner, by projecting down from the points 
of tangency of the propulsive coefficient curves with AC to 
the lines of “ Slips for Critical Thrust” or interpolated lines 
for other blocks, we obtain the slip for critical thrust for any 
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value of Lt = Having the slips for maximum efficiency and 


for critical thrust for any block coefficient and any value of 
P.A. 
D.A.’ 
points and project down to it for the slip corresponding to 
any value of thrust corresponding to any value of propulsive 
coefficient between AB and points of tangency on AC. 
Should it be necessary to use a higher thrust than that corre- 
sponding to the critical thrust, these lines of slip drawn be- 
tween the lines of “ Slips for Maximum Efficiency” and “ Slips 
for Critical Thrusts” may be extended with a slight curvature 


we can draw a straight line between these two slip 


upward, the curvature of the slip lines for Lie —_ 32 and for 


D.A. ~ °54 being used as a guide in determining this amount 
of curvature, and the slip then measured by projecting down 
from the point on the curve of propulsive coefficients to this 


extended slip line. 
POINTS TO BE NOTED. 


1. Propulsive coefficient = THP. 


2. E.H.P. = effective horsepower required to tow the ship 
when the hull is fitted with all appendages. 


3. As value of Ling “¢ decreases, maximum possible propul- 
sive coefficient increases. 


4. As value of at decreases, point of critical thrust ap- 


proaches more nearly to the point of maximum propulsive 


coefficient until —. becomes zero, when the curves AB and 


AC coincide and our blade has become a line. 


5. The lower the value of ie _ the more rapidly does the 


propulsive coefficient rise to a maximum, reach the critical 
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point of thrust, and the more rapidly does it fall after passing 
the point of critical thrust. 


6. Converse of 5. The greater the value of ds the less 


rapidly does the propeller reach its maximum propulsive co- 
efficient, the greater the range of thrust through which it 
holds near to its maximum before reaching the point of criti- 
cal thrust, and the slower will be the fall in the propulsive 
coefficient after passing the point of critical thrust. 

7. For best economy at cruising speeds : 

(a) For vessels to steam constantly at one speed, design by 
using thrusts corresponding to curve AB. 

(6) For vessels whose cruising speed is slightly below max- 
imum designed speed, design by using thrusts between AB 
and AC, up to thrusts corresponding to AC. 

(c) For vessels having reciprocating engines the conditions 
may be such that a narrow-bladed propeller of sufficient diam- 
eter to absorb the power cannot be obtained by designing be- 
tween AB and the critical thrust. In such case, while a 
slightly higher speed can be obtained by using a higher value of 


D A. it is obtained at the expense of economy at the lower 


speeds. It is preferable to use the narrower blades and design 
for higher thrusts than the critical thrust. This will result 
in a slightly lower maximum speed than the broader blades 
would give, but the propulsive coefficients at the lower speeds 
will be greater. 

8. For propellers, to be used with turbine engines in which 


the ratio Sz exceeds .59, we may exceed considerably the 


critical thrusts given by the point of tangency to AC, as the 
propulsive efficiency curves for these ratios depart from AC 
very slowly. 

Solution of Problems. 


Collier ; twin-screw ; 95 revolutions per minute; speed, 12 
knots; E.H.P. = 2,800. Greatest efficiency of propeller re- 
quired at speed stated. Block coefficient of fineness = .8. 
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Ke) 
N 


feet. 


r sq. 


x 


in, D.A. 


in 
coefficient. 
1 propeller. 
| Pitch, feet. 
Area, 
square feet. 
| Diameter, 


Propulsive 


| 1,215.96 | 1,296.75 13.65 | 135.65 | 
1,215.95 | 1,296.89) 13.652 | 131.10 
1,215.96 | 1,297.02 13.653 | 128.86 

| 1,215.96 | 1,297.16 13.654 | 127.10 
1,215.96 | 1,297.30 13.655 | 125.25 
1,215.96 | 1,297.44 13.657 | 123.45 
1,215.96 1,297-58 13.659 | 321.13 

| 1,215.96 | 1,297.71| 13.66 117.73 


w | 


eer 
an 


It will be seen that our necessary total engine power for 
the speed need not exceed 4,000. 

Suppose, however, our engines are designed for 2,500 H.P. 
each, at 95 revolutions, then our table will be modified as 
follows : 

2, 


3! 


per cent. 


pulsive 
coefficient. 
| Pitch, feet. 


Revolutions 
=x. 
S X 101.33 


Pro 


1,215.96 135.65 | 13.20 
| 1,215.96 7 131.10 | 12.95 
| 1,215.96 128 86 | cole 
1,215 96 x 127.10 | 12.75 
| 1,215.96 ,297- 125.25 | 12.65 
1,215.96 . 123.45 | 12.55 
| 3,215 96 | 321.13 | 12.45 
1,215.96 


| 
| 
| 


Onn 
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the conditions are such that the diameter 

allowed must not exceed 12.75 feet. According to the above 
tables, from Table 1, where the engine is working at maxi- 
mum power for 12 knots, the propeller would have: 

Diameter of 12 feet 9 inches; pitch, 13 feet 7{ inches; 
ce =.28; revolutions, 95; H.P., both engines, 3,900; 
propulsive coefficient, .718. 

While according to the second table, in which we have 
some engine power in reserve, the propeller would have: 


I 
1,400 61,918 | 6.23 | 95 13.2 | 
: 1,400 | 1,929 | 6.24 | 95 12:95 
1,400 | 1,940 | 6.25 | 95 
y 2.7% | .28 1,400 1,950 6.26 {| 95 12.95 
2.77 | .29 | 1,400 | 1,964 | 6.27 | 95 12.65, t 
2.83 1,400 1,978 | 6.28 95 12.55 
2.90 | .3t | 1,400 | 1,989 6.29 | 95 12 45 é 
3.00 32 | | 1,400 | 2,000 | 6.30 | 95 12.25 
‘ 
HP. 
and we have H.P.=2,500. 
| 
8A 
2.55 | .25 | 87.00 14.90 
2.60| .26 |. | 87.10 
2.66 | .27 : 87.25 14 86 
2.93 | .28 87.40 14.34 
2.97 | 29 |. 87.60 14.81 
2.83 | .j0 |. 87 80 14.78 
290, .3r 88.00 14-75 
3-00 | .32 |. 88 20 14.72 
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Diameter of 12 feet 9 inches; pitch, 14 feet 10 inches; 
P.A. 
D.A. 
knots, 3,900; propulsive coefficient, .718. 

In naval vessels, where the cruising speeds are much lower 
than the maximum speeds, we proceed in the same manner 
as in the above problem, except we use the thrusts corre- 
sponding to the points of tangency on the curve AC instead 
of those corresponding to the intersection points on AB. In 
these cases, however, we are usually supplied with a curve of 
E.H.P., which extends considerably beyond the contract 
speed, so that it is possible to use the full designed power of 
the engine or such maximum power as it may have devel- 
oped on previous trials, and, with the propulsive coefficient 
corresponding to the P.A. of the propeller being considered, 
and this E.H.P. curve, obtain the possible speed with this 
power and use it in the calculations, thus: 

H.P., two engines, = 20,000; revolutions, 125 per min. Use 
= .32. Diameter allowed, about 18 feet. Block coeffi- 
cient of fineness of vessel = .66. 


= .28; revolutions, 87.4; H.P., both engines, at 12 


Speed from 
curve. 

Revolutions 
square feet, 


Make propeller 18 feet 2 inches diameter; pitch, 17 feet 
8 inches; P.A., 83.04 square feet. 
Let us now take the case of a vessel propelled by turbine 
engines, and take as our preliminary data the following : 
Total S.H.P. = 12,000; number of shafts, 3, power equally 
divided between the three shafts ; revolutions, 800 per min- 


| | | 
8. | 
| 
10,000 3 7,200 19.36 125 | 10.0 | 17.44 | | 114.7 
10,000 718 | 7,180 19.35; 125 | 10.8| 17.58 | 19.47 95-32 
10,000 | 4 | .698 | 6,980 | 19.26, 125 | 11.6 | 17.66 | 18,18 83.04 — 
10,000 4¢ .682 6,820 19.20 125 | 12.2 17.73 17.6 | 77.87 
10,000 | 44 | .666 | 6,665 / 19.14) 125 | 12.6 | 17-75 | 17.1 | 73-44 
— 
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ute; contract speed, 293 knots. Block coefficient of fineness 
of vessel = .414. 


4,000 


Equivalent I.H.P. on one shaft = — = 4,348; 


From E.H.P. curve, E.H.P. for amin speed = 6,100; 
E.H.P. on one shaft = 2,033. 


| 4 | | | 

| | | z | 

.582 | 29.5 | 2,033 | 3.493 | 17-2 744 | | 2,989. 24 | 3,610.19) 4.852| 9.3% | 23.82| 5.5 | 
‘59-578 | 295 | 2,033 | 3,517 | 17-4 | | 745 | 2,989.24 | 3,618.93 4.857) 9.65 23.13 | 5-4 | -899 
60.575 | 29-5 | 2,033 | 3,536 17-6 | 747 | 2,989.24 | 3,627.72) 4.856 | 10.00 | 22.34 | 5.34 | .909 
61 “$72 | 29.5 | 7933 3,555 17.8 | 748 2,989. aad 3,636.54 “4-862 | 10. 36 21.63 | 5.25 | 


Revs.,° : Revs.,° : : 
*/Rev..>XH.P., _*/800X H.P., 


Any of the above propellers will be satisfactory, and 
should be governed in our choice by diameter limitations. 


SUPPLEMENTARY PROPELLERS. 


For any propeller of any value of Sms 


D.A. there is a supple- 


P.A. ° 
D.A? and different 


pitch and diameter for every value of thrust per square inch 

of disc area, which will give the same value of propulsive 

coefficient at this one point of thrust as the original propeller. 
To show this point more thoroughly the following problem 

has been solved, the results of which are shown in the accom- 

panying table and chart of faired curves (Plate 7). 

Block coefficient of vessel = .60. 

E.H.P. (total with all appendages) = 10,000. 

E.H.P. for one propeller = 5,000 

Revolutions = 125 per minute. 

Speed = 18 knots. 


mentary propeller of a different value of 
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Find a series of propellers having a value of DA. of .32, and 


their supplementary propellers with this value varying from 
.25 to .46, such that the propulsive coefficient will not be less 
than 64 percent. The points of design are shown on Plate 
5, where the propulsive coefficient curve for .32 crosses the 


propulsive coefficient curves for various values of pa, fom 


.25 to .46, the corresponding slips and thrusts being taken 
from the chart and entered in the slip and I.T. columns of 
the table. The resultant pitches and diameters are entered 
in the columns marked Px, Psu, D2 Dsu,, in the Table. 
Attention is called to the slow and very gradual change in 
the propulsive coefficients and in the characteristics of the 
propellers. When we look at the great number of propellers 
here arrayed for a comparatively small change in efficiency, 
and when we remember that we can make screws for each 
value of ae for the same work, each of these having its own 
set of supplementary propellers, it is readily seen how vast the 
field for criticism of any particular propeller becomes and also 
how hazardous it is to offer adverse criticism without careful 


investigation. 


ad 
| 
3 
3 
+3 
3 
+3 
+3 
+3 
oo 
: : 
+32 
+32 
| +32 
+32 
+32 
+32 
+32 
+32 

: 
& 

: 


BLOCK COEF., 
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-60. 


P.A. 
PROPELLERS OF fp 4 = -32 AND THEIR SUPPLEMENTS. 


8 


8 
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SE FF BV ss Ss 
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Ow 


18) 7,163 
18) 7, 163 | 


18 7,174 125 1,823.94| 2,066. 2 
18) 7,174 | 125, 1,823. 2,120.’ 


7,184 | 125 7823. 94 
8| 7,184 | 


18| 7,194 | 125 
18, 7,194 | 125, 1,823. 94) 


18) 7,205 
18) 7,205 | 


18] 7,246 | 
18 7,246 | 


} 
| 18) 7,278 | 
| 18) 7.278 | 


| 18) 7,370 | 


| 18 7310 | | 


| 18 7,342 | 


18) 7,342 | 


18) 7,374 


18) 7,374 | 


18) 7,407 | 


18) 7,407 | 


| x8 7,440. 


| 38) 71440 | 
| 38) 71485 | 


| 18) 7,485 


| 18 71530 | 
| 38) 7:530 | 


| 38) 7 576 


| 18) 7,576 | 
7,628 | 


| | 38) 7,622 


18) 7,669 
18) 7,669 


18) 7,716 | 


18) 7,716 | 


18 7,764 
18) 7,764 


18 7,82 
7805 


Revolutions. 


| 


. 


x 


S. X 101.33. 


125, 1,823. 94) 2,062. 12| 
125 1,823. 94! 2,197.58 


125, 1,823.94) 2,064.45 
125 1,823.94) 2,158.51 


2070.3c6) 


125 1,823.94) 


2,098.89) 
125 1,823. 94) 2,078. 56, 
125, 1,823.94) 2,091.67) 


1,823 2,083.31 
125) 1,823. 2,089. 28 


125| 1,823. 94| 2,088 8 
125, 1,823.94| 2 083. 31) 


125) 1,823.94) 2,089.28 
125) 1,223.94) 2079-75 


125, 1,823.94| 2,091.67 
125, 1.823.94| 2,077 38 


125 1,823.94| 2,094.08, 
| 2,075.02) 


125, 1,823.94 


2,097.69 


125| 1,823.94 
2,073.84 


135) 1,823.94) 


125| 1,823.94) 2,100.22. 
125) 2,073-13 
125, 1,823 94) 2,101.80 
125 1,823.94| 2,072.66 


125, 1,823 2,103.74 
125, 2,071.48 


125) 1,823.94| 2,106. 17 


125) 1,823. 94) 2,069. 13) 


1,823. 2,120, 86 
125, 1,823.94) 2 7067.49 


125 1,823.94) 2,323.33 
125| 1,823.94| 2,066.79 


125, 1,823.94) 2,125.80, 


125| 1,823.94) 2,066.32 


} | 
1,823.94| 2,128.28) 
1,823.95] 2,065.85, 


125 1,823.94| 2 
#35) 1,823.94| 2 


2,103. 74) 


P 3 2 feet. 


| 16. 


16.534 
2 


16.562 } 
16 


1,823.94, leant 16.600 | 


16.628 


16.666 | 


16.705 | 
1 


16.714 | 


16.733 | 
16.752 | 
16.781 
16.800 


16.814 


16.830 
16.850 


16.9€9 


16.986 


17.006 


17.026 


17.046 


16.515 | 
| 17. 


& 
> 
* & 
a | 
a 
| 18.25 
243-9, 17-625) 
eee 233-3 
238.2, ... 17.5 
| 232.1 


231.8) ... 17.15 


oe =| 222.5 


290.9 | 
219.3 


16 75 | 


197-7 | 85 


196.7| ... |15.82 | 

| 200.2) | 

| 

194-7 | \35-73 
| 19967) 
193-5 [15.66 
| 398.7) 


|85 

coo | 397-6) 

| 196.2] 


oe | 395.6) .. 


— —— 
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3 
| | | & 
} | 2 
thls te | Ta 
| a | 3.18 | Simm | 69-9 | 17.00 | 18) 7,153 | 17.580 17-7 
| | 
| .26| 3.26 69.8 | 15.50 .268 17.25 
| | } | | 
32 | | 3-34 | | 69-7) 22-75 | 
27) 3-345 | 69.7 | 14.00 | 6.969 17.2 
28| | 5 | 69.6 13.30 | +830) | 228.2 |17,05 
.5 | 12.10 |225.07, .. 16.9 = 
.29 | | 13.10 | 36,791) oe [16.85 
.30 | 12.80 | | | 36.933) (16.72 
g2| 3 69.0 | 12.45 | 215.4 | 
3 69.0 12.70 | 16.78 | 214.8 .. (16.58 = 
32 | 68.7 | 12.65 see | 290.2 | 16.30 | 
| .33 | 68.) 12.45 | 666) | 210.7 16.375 
12. | 206.6)... 16.20 | 
wo on 
oe 35 | 3 12.20| 16.619}... | ove 
ovo | }16.07 ase 
| -36 | 3 12.10| 16 600)... 204.6 16.325 
| |200.8| ... [25.98 | 
| 4 5,000 | 67.5 | 13.05 | : 
| 5,000 67.5 | 12.05 16.590| «+ | 903-3) 
... | 4.07 | 5,000 | 67.2 | 13.15 | | [8593 | 
-38 | $07 | 3,000 67.2 19.08 202.1... |16.06 = 
+32 | | 4-12 | 5,000 | 66.8 | 13.22 
| 4-11 66.8 | 12.00 ose 16.580) ... 201.4 |16.02 
| 
+32 | ... | 4-15 | §,000 | 66.4 | 13.30 | 
| 40| 4.85 $5,000 | 66.4 | 11.95 | 200.7) (15.97 
-32| . | 4.19 | 5,000 | 66.0 | 13.40 
| | 4.39 5,c00 66.0 | 11.85 | 16.553 15.96 ¥ 
132 | 4.23 | 5,000 | 65.6 | 14.00 
| 42 | 4-23 | 5,000 65.6 | 11.78 16.540 15.95 
+32 | | 4.28 | 5,000 | 65.2 | 14.10 oe 
4-28 | §,000 65.2 11.95 16.534 15-94 
+32 | 4.33 | 5,000 | 64.8 | 24.20 
| 4-33 | 5,0¢0 | 64.8 | 11.73 | 16.530 15-84 
| | 
60 
+32 | 4.39 | 5,000 | 64.4 | 14.30 
| 4-39 | 5,000 | 64.4 | 11.71 16.526 
+32 | 4-44 | 5,000 | 63.9 | 14.40 Ce. 189.5 7| 
“| -46| 4.44 | 5,000 | 63.9 | | 26,585] 15-78 
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RATIO BETWEEN EFFECTIVE HORSEPOWERS REQUIRED TO Tow Hutt 
OF VESSEL WiTHOUT (E.H.P.), AND WITH (E.H.P.,) APPENDAGFS. 


Appendages (3d column): 1. Rudder; 2. Shafts; 3. Struts; 4. Bilge keels; 5, Docking 
keels; 6. Single keel; 7. Bosses; 8. Swells; 9. Armor. 


EHP. | Appendages, T coef, 
Vessel. ‘EHP: model ype = pl 
towed with. -WL., ment, 


feet. tons. 


2-shaft 


| 1.17 1,2,3,4,8, Destroyer. 245 480.410 
Paul 1.17 1,2,3,4,8 245 450 .410 
1,2,3,4 8 245 | 435 | 
THUKAUN | 1,2,3,4,8 248.5| 490.3, .370 
Bainbridge | 1.17 1,2,3,4,8 240.5 460 .430 
2.00000 | 1.17 1,2,3,4,8 240.8 412 | .404 
2-shaft 
Thornton... ....00000| 1.095 | 1;2,3,8 Torpedo boat. 175 174 | .383 
| 1.095 1,2,3,8 147 133 | .448 
Barney... 1.095 | 1,2,3,8 | 157 168 | .478 
3-shaft 
1,090 | 1,2,3.4,7 Destroyer. | 289 700 | .430 
| 1.090 | 289 | 700 | .430 
| 1.090 289 | 700 | .430 
| 1.090 | 289 700 | .430 
ies 1,090 | 1,2,3.4,7 289 | 700 | .430 
Chester.. 1.058 1,2,3,4 | 4-Shaft scout. 420 3,977 | -407 
Salem T1134] I,2,3,4 | 2-Shaft scout. 420 | 4,000 | .407 
Birmingham...... | 1.1150 1,2,3,4 420 | 3,759 | -405 
2-shaft 
Charleston.......+ | 1.137 | 1,3,3.4,5 | Prot. cruiser. 424 | 9,710 | .539 
1.128 | 1,2,3,455 | 424 | 9,665 | .539 
Milwaukee.........| 1.116 | 1,2,3,4,5 424 9,700 | .539 
2-shaft 
New York .....00 1.176 | 1,2,3,4,8,9 | Arm. cruiser. | 380.5 | 8,480 .509 
Brook | 1.220 1,2,3,4,8 400.5 ,150 | 520 
Maryland.........+. | 1.170 | I,2,3,4,6,8 sit 502 | 13,720 | .558 
West Virginia...) 1.170, — 1,2,3,4,6,8 | 13,720 | .558 
| 1.127 | 1,2,3,4,6,8 | 502 | 13,670 .558 
Pennsylvania...... 1.127 | 1,2,3,4,6,8 | 502 | 13,670 .558 
California........+ 1.170 | 1,2,3,4,6,8 502 | 13,750 | .558 
South Dakota...... 1.170 | T,2,3,4,6,8 - 502 13,750 | -558 
Washington... 1.213 1,2,3,4,5 502 | 14,495 | -554 
TeEnneSSCE....0..0000| 1.213 | 1,2,3,4,5 * 502 | 14,480 | .554 
Montana 1.213 1,2,3,4,5 = | 502 | 14,518 | .554 
North Carolina...| 1.213 1,2,3)4.5 | 502 | 14,518 .554 
2-shaft 
Massachusetts..... 1.153 1,2,3,4| Battleship. 348 | 10,555  -622 
1.153 1,2,3,4 348 | 10,250 | .620 
Towa ...... 1.280 1,2,3,4 - 360 | 11,363 | .630 
WiUSCONSIN 1.246 1,2,3,4,5)8 368 | 11,500 | .642 
1.246 1,2,3,4,5.8 | 368 | 11,734 | -643 
Kearsarge 1.246 1,2,3,4,5,8 | 11,738 | -644 
1.093 1,2,3,4,5,8 | 388 | 12,755 | -654 
MissOUri 1.093 1,2,3,4,5,8 | 388 | 12,240 | .654 
1.093 1,2,3,4,5,8 388 | 12,480 | -654 
Mississippi...) 1.245 | 1,2,3)4,558 | 375 | 13,040 | .660 


| ness, 

| | | 

1 
4 
‘ 
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Ratios—Continued. 


Appendages, 
model 


towed with. 


Virginia 
Georgia 
Nebraska........ 
Rhode [sland 
New Jersey 
Connecticut......... 


1,2,3,4,5,8 


I 125354,5,8 | 


1,2,3,4,5,8 
1,2,3,4,5,8 
1,2,3,4,5,8 
1,2,3)4,5,8 
1,2,3,4,5,8 


1,2,34,5,8 
1,2,3,4,5,8 
1,2,3,4,5,8 
Vermont 1,2,3,4,5,8 
New Hampshire. ° 1,2,3,4,5)8 
South Carolina...| 1. 1,2,3,4,5,8 
Michigan, 
Delaware 79999 
Lundborg stern| Collier. 
bilge keels. 


| 


Column 2 gives the appendages attached to models during towing experi- 
ments, from which ratio in column 1 is calculated. The ordinary append- 
ages in service are for different classes of vessels, as follows : 

Battleships, 1, 2, 3, 4, 5, 7, 8 and sometimes 9. 

Armored cruisers, I, 2, 3, 4, 5, 7, 8 and sometimes 9. 

Heavy protected cruisers, I, 2, 3, 4, 5, 7; 8. 

Light protected cruisers, I, 2, 3, 4, 7, 8. 

Scouts, I, 2, 3, 4, 7» 8. 

Destroyers, I, 2, 3, 4, 7, 8, and, sometimes, scoops, 

Torpedo boats, 1, 2, 3, 4, 7, 8, and scoops. 

It is axiomatic that in the case of vessels of differing degrees of fineness, 
but having equal appendage resistances, the percentage increase of total 
resistance due to the appendages will be the greatest for that vessel having 
the least resistance due to bare hull. 


The writer is indebted to Naval Constructor D. W. Taylor, 
U. S. N., for the following note : 

“It is quite impossible to give definite percentages of total 
appendage resistance as divided among the various append- 
ages, since the area and resistance of appendages vary so. We 
generally assume that such appendages as bilge keels, docking 
keels and rudder offer but little, if any, more resistance than 
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’ 
| Len’th Dis- |B! 
Vesccl. |EHP.| | veel: (LWL.| ment, | 
feet. | tons. 
ness, 
séBattleship | 375 | 13,040 
1.166 435 | 14,978 | 
1.148 435 | 14,907 | 
1,166 435 | 14,900 | 
1.187 435 | 14,860 
1.187 435 | 14,870 | 
1.206 450 | 16,377 
450 | 16,075 
450 | 16,033 
450 | 16,016 | . 
450 15,986 
450 | 16,023 
450 | 16,000 
450 16,000 
510 | 20,000 
510 20,000 | 
375. | 11,200 | 
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that due to their surface. The same applies to the bar keel. 
Bosses and swells are usually included with shafts and struts. 
The armor is generally made smooth, so that there is no 
special resistance from that as an appendage. Scoops have 
been tried only on some destroyer models, where their resis- 
tance was about 8 per cent. of the bare hull resistance. 

“Any assignment of the total appendage resistance between 
the appendages named would be practically guess-work, but 
it is presumed that a reasonable distribution would be as fol- 
lows : 

“ Bilge keels and docking keels about 30 per cent. each. 

“Struts and shafts about a third, and rudder about 6% per 
cent.” 


ANALYSIS OF A PROPOSED DESIGN. 


It often becomes necessary to analyze the probable per- 
formance of a propeller that has been proposed for a vessel. 
In this case we proceed as follows: 


Data. 


Block coefficient of fineness of vessel = .62. 
Proposed propeller, pitch = 102 inches = 8.5 feet. 
diameter = 110 inches = 9.167 feet. 

Projected area + disc area = .56. 
Required to find the revolutions, speed and slip when the 
main turbines are developing a total of 28,000 S.H.P. on four 
shafts. 

Model-tank curves for the vessel give the E.H.P. required 
at different speeds, the hull being fitted with all appendages. 


* Data from the propeller chart of design. 
+ Data from model tank curve. 


-56 | 58.9 | 3,475 | 5,900 | 20.1 13.12 | 8.5 | 2,037.73 | 2,345.45 | 275.93 8.7 66.27 | 9.18 
.56 | 58.9 | 3,625 | 6,155 | 20.3 13.12 | 8.5 | 2,057.0 | 2,367.64 | 278.54 | 8.7 | 68.47 | 9.35 
.56 | §8.9 | 3,800 | 6,452 | 205 | 13.12 | 8.5 | 2,077.27 | 2,390.96 | 283.64 8.7 | 71.08 9-53 
.56 | §8.9 | 4,200 7,130 | 20.9 13.12} 8.5 | 2,117.80 | 2,437.61 | 286.78 8.7 | 77.06 9.95 
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Curves of I.H.P., revolutions and diameter can now be laid 
down on abscissae of speed. For any particular speed the 
ordinate will cut the curves giving the corresponding I.H.P., 
revolutions and diameter. At the given diameter, 110 inches, 
a perpendicular is erected and gives us the corresponding 
I.H.P., revolutions and speed for the propeller under consider- 
ation. 

Our propeller, we find, corresponds closely to the following : 

DA. =.56; E.H.P. =3,475; I.H.P.=5,900; speed = 20.1 
knots; revolutions = 275.93; diameter = 9.18 feet. . 

But the machinery is designed to give 28,000 S.H.P. = 
28,000 


I.H.P. on four shafts, or = — I.H.P. on one shaft. 


-92 
Now, 5)900:: 275.935 
Revolutions at contract power = 92 5,900 X 275-93 
= 300.3; 


P X R = 300.3 X 8.5; 

LLHLP. X 33,000 = 2° 
7,000 X 33,000. 

Teal Lt. = .92 X 300.3 X 8.5’ 
Total disc area of propeller = 9,503.32 square inches; 

7,000 X 33,000 
-92 X 300.3 X 8.5 X 9,503.32 
= 10.35. 

The propulsive coefficient for a P.A. ratio of .56, with an in- 
dicated thrust of 10.35 pounds per square inch of disc area, 
is, from the chart, 54.1 per cent. 

Therefore, total E.H.P. for four shafts at 28,000 S.H.P. = 
28,000 


I.T. per square inch disc area = 


54-1 = 16,465. 

The speed corresponding to this, from the model-tank 
curve, = 20.81 knots. 
Slip = 17.2 per cent. 


NoTe.—Reprints of this article, in flexible cloth covers, with Plates 1 and 5 on linen, will 
be supplied by the Secretary-Treasurer of the Society for fifty cents each, postpaid. 
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COMPARATIVE TRIALS OF SCOUT CRUISERS. 


COMPARATIVE TRIALS OF SCOUT CRUISERS 
BIRMINGHAM, SALEM, CHESTER. 


By CoMMANDER W. W. Wuire, U. S. N., MEMBER. 


With a view to comparing steam expenditures of recipro- 
cating and turbine-propelling machinery, an extensive series 
of tests was carried out some months ago on the Scout 
Cruisers Birmingham, Salem and Chester, under a Board ap- 
pointed by the Navy Department. The vessels named were 
selected for the tests as the hulls are practically of the same 
model and dimensions, while the propelling machinery differs 
in all three ships. The Birmingham is propelled by recipro- 
cating engines; the Salem by Curtis turbines, and the Chester 
by turbines of the Parsons type. 

A special water-measuring apparatus was built and in- 
stalled on each ship for the tests, and the arrangement was 
such that the steam required, at various speeds, could be, 
after condensation, accurately ascertained both for the pro- 
pelling and auxiliary machinery. To make the comparison 
complete, six distinct sets of tests were made, which may be 
briefly summarized as follows: 

I. Standardization trials—Each vessel was standardized 
over the Rockland measured-mile course just prior to under- 
taking (II) steam-consumption trials. This involved stand- 
ardizing the Salem on two different occasions, as two series 
of steam-consumption tests were carried out. On these trials, 
and on all other (III and IV) sea runs as well, the aim was 
to load each vessel so that the average displacement would 
be 4,000 tons. 

II. Steam-consumption tests of main propelling machin- 
ery.—In these tests the weight of exhaust steam entering the 
main condensers, at different speeds of the vessels, from about 
10 knots up to maximum, was found by means of main meas- 
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uring apparatus. Incidentally, exhaust steam from all auxili- 
aries in operation on these trials, as a whole, was ascertained, 
and it will be apparent that the total boiler output in steam, 
during any test, amounted to the sum of the weights of water 
collected in the main and auxiliary tanks. No attempt was 
made to weigh or otherwise determine the amount of coal 
used on these trials. 

III. Coal-consumption trials, consisting of sea runs of 
about 1,000, 750 and 2,000 knots at speeds, respectively, of 
10, 15 and 20 knots per hour. Water-measuring apparatus 
was removed before commencement of these trials, and atten- 
tion concentrated on securing weight of coal consumed. From 
data recorded, however, using results of previous trials, the 
steam consumption of all machinery on these and the (IV) 
full-power trial has been estimated. 

IV. Full power run of twenty-fours duration—As will 
appear later, the Birmingham completed only twelve hours 
of this trial because of a developed defect in the propelling 
machinery. 

V. Boiler evaporative tests—Vessels in port. 

VI. Individual tests of auxiliaries—Vessels in port. 

In setting forth details of the various tests, embracing a 
part only of the Board’s report, the sequence above outlined 
is followed, although the trials were not carried out in that 
order. 

DESCRIPTION OF VESSELS. 


A full description of the scout cruisers, in connection with 
data of official contract-acceptance trials, has appeared in 
previous numbers of the JourNaL (Volume XX, pages 349, 
706 and 976), to which the reader is referred for extended 
information coveririg hull and machinery details of each ship. 
The important particulars are set forth below: 


PRINCIPAL HULL DATA. 

The hulls (plate 1) of all vessels, except in minor details, 
are alike. Steel is used throughout, and the outside plating 
generally is on the raised and sunken system. The frames, 
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spaced 36 inches apart, are generally of channel section, 6 by 
212% by 24% by 13.3 pounds. 

The outside plating, below the load water line, consists of 
15-pound plating, reduced to 12-pound at the ends, and of 12- 
pound plating elsewhere. Flat keel plates, about 36 inches in 
width, are in two thicknesses ; the inner of 174 and the outer of 
20-pound plate. The vertical keel, about 39 inches in depth, 
is of 15-pound plate. Garboard and sheer strakes are 174 
pounds, reduced to 15 pounds at the ends. Nickel-steel pro- 
tection (80-pound plate) of variable width, extends fore and 
aft in wake of engine, boiler and dynamo rooms. 

The weight of hull, including nickel-steel protection, but 
without machinery, coal, stores, outfit, armament and ammu- 
nition, etc., is approximately 2,015 tons. Principal dimensions 
are: 


Length between perpendiculars, 


Breadth, molded; feet and inches 46—8 
Breadth, extreme, feet and inches............ccccccccccceces 47—0% 
Draught (official contract trial, 3,750 tons displacement), feet 
4,000 tons displacement, feet and inches.................. 17—4% 
4,710 tons displacement (about fully loaded), feet and 
Displacement per inch at mean draught (16 feet 9 inches), tons 31.07 


Area of midship section (3,750 tons displacement), square feet 566 
Area of L.W.L. section (3,750 tons displacement), square feet. 12,960 
Wetted surface section (3,750 tons displacement), square feet. 19,900 
Coefficient (at 3,750 tons displacement) : 


MACHINERY INSTALLATIONS. 
( Plate 2) 

Main propelling machinery, of 16,000 I.H.P., at maximum 
power, of the twin-screw, reciprocating type, for the three 
scout cruisers, was designed by the Department. Proposals, 
however, for the construction of these vessels were invited 
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under two classes, viz: first, for hull and machinery in accord- 
ance with Department’s plans and specifications; second, in 
general accordance with the Department’s plans and specifica- 
tions, but on bidder’s design of machinery, preference to be 
given, other things being equal, to a turbine installation. 

After examination of the bids submitted, contracts were 
awarded on the Department’s design of hull, as follows: To 
the Fore River Ship and Engine Building Company, Quincy, 
Mass., two vessels—the Birmingham and Salem—at a con- 
tract price of $1,556,000 each; the first named to have the 
Department’s design for propelling machinery, and the latter 
to be equipped with Curtis marine turbines. Contract for 
the remaining vessel, the Chester, was awarded to the Bath 
Iron Works, Bath, Me., at $1,688,000; the propelling installa- 
tion to be of the Parsons marine type. 

Both contractors were required to guarantee, under penalty, 
and in addition to various other trials, a successful sea trial 
of four hours’ duration at an average speed of not less than 
24 knots on a displacement of not less than 3,750 tons. 

A summary of the important data of the propelling ma- 
chinery of the three vessels follows: (For number and di- 
mensions of auxiliaries, see table S. ) 


BIRMINGHAM. 

The engines, which turn the propellers outboard, are of the 
vertical inverted 4-cylinder, direct-acting, triple-expansion 
type, with unjacketed cylinders, placed in two watertight com- 
partments, and operating twin screws. Each engine was de- 
signed for an indicated horsepower of 8,000 at 200 revolu- 
tions per minute. with a steam-chest pressure of 250 pounds 
per gauge. Beginning forward, the order of the cylinders is, 
forward L.P., H.P., I.P., and after L.P. The forward L.P. 
and H.P. cranks are opposite, as are the I.P., and after L.P., 
the second pair being at right angles with the first. All main 
valves are of the piston type, worked by double-bar Stevenson 
links. There is one piston valve for the H.P. and two each 
for the I.P. and L.P. cylinders. 


tri 
pr 
ro 
Cr 
Nt 
H. 
1.1 
F.. 
A. 
Di 
St 
B. 
ce 
: R 
le 
al 
C 
ir 
be 
; b 
ti 
E 
Si 
tl 
S. 
p 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 705 
Engine framing is of forged-steel, cylindrical columns, 
trussed by forged-steel stays. All crank, thrust, line and 
propeller shafting is hollow, and shafts, piston and connecting 
rods, and working parts generally, are of forged steel: 

Cylinders. 


Boilers. 

The arrangement of boilers, which are of the Fore River 
design on the Birminglam and Salem, and of the Normand 
type on the Chester, are shown in plan on plate 3. In the Fore 
River type, it will be noted that the products of combustion 
leave at the back of the furnaces, on their way to the uptakes, 
and thus make a double passage across the tubes; in the 
Chester’s boilers, only a single pass is made, the gases enter- 
ing the tubes near the front of the furnaces, as shown on 
plate 4. 

The closed fireroom system of forced draft is used, there 
being six independent Sturtevant fans installed, two to each 
boiler compartment, 66 inches in diameter, 24-inch width at 
tips of blades, of the double-inlet type, with 42-inch intakes. 
Each fan is directly driven by a double-acting, 2-cylinder, 
simple, horizontal engine (6 by 6) with cranks at 180 degrees, 
the steam admission and emission for both cylinders being 
controlled by one piston valve. 


SALEM. 

The Salem is driven by outboard-turning twin screws, the 
propelling machinery consisting of two Curtis marine re- 
versible impulse turbines, one on each shaft, designed to de- 
velop 8,000 B.H.P., at 350 revolutions per minute with 250 
pounds (gauge) steam-chest pressure. The machinery is ar- 
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ranged in two water-tight compartments, separated by an 
athwartship bulkhead, the starboard screw being operated by 
the forward turbine. 

Each turbine has a pitch diameter of rotating wheels of 
about 120 inches (center to center of buckets), and for the 
ahead motion, consists of seven stages; each wheel is fitted 
with three rows of buckets, except in the first stage, which 
contains four rows. For backing, there are two stages, the 
wheels or rotors being mounted on the shaft in the same casing 
as the go-ahead stages. 

Each turbine consists of a cast-iron cylindrical shell (for 
strength, cast-steel is used in construction of the casing of the 
two first stages) divided by dished cast-iron or cast-steel dia- 
phragms into separate compartments or stages. The moving 
buckets are mounted on the periphery of separate wheels in 
each stage, and all wheels are secured to and carried by a 
hollow steel shaft extending the length of the turbines. Where 
this shaft passes through the diaphragms, bronze bushings are 
provided, with small clearances, in order to prevent appreci- 
able steam leakage from stage to stage, and where the shaft 
extends through the heads carbon-packed gland boxes are 
fitted to prevent steam leaking out at the ahead end, or air 
leaking in at the back end. These boxes are supplied with live 
steam between carbon packing, which makes an effective seal 
against air leaking in at the back end, and which, unless 
checked, would cause the vacuum to be lowered. Gland-box 
packing, on the ahead end, is required to withstand the pres- 
sure existing in the first stage only, in order to prevent steam 
leakage into the engine rooms; and, as this pressure is never 
excessive, under any condition of operation, no serious prac- 
tical difficulty arises in guarding against such leakage. A 
drain, or “leak off,” from these gland boxes leads to the 
fourth stage. The ahead steam chest contains twenty ex- 
panding nozzle openings to the first-stage wheel, seventeen of 
which are controlled by valves, the three remaining openings 
being without valves and consequently always open. When in 
operation, sufficient nozzle valves are opened to give the de- 
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sired speed, the throttle valve being left wide open in order to 
secure full pressure in the steam chest. Variation in speed 
within limits may be made by throttle-valve regulation, but 
usually this is accomplished by opening or closing of nozzle 
valves. 

Steam chests are of separate steel castings attached to each 
turbine-casing head. The astern chest contains 25 nozzles 
of about the same total area at the throat as the ahead chest, 
but only eight are provided with valves. In maneuvering, 
nozzle valves are left open and speed controlled by throttle 
valves. 

First-stage nozzles are of the expanding type, for the steam 
in its passage to the first revolving wheel undergoes too great 
a drop in pressure to permit the use of the parallel-flow type, 
which latter is used for all other stages, the drop in pressure 
being much less. Diaphragm plates have openings cast in 
them to allow passage of steam through to the nozzles. 

Drain pipes are fitted between each stage and the succeeding 
one, in order that condensed steam in any stage may pass to 
the next one of lower pressure. The exhaust chamber drains 
to the condenser, and the discharge is assisted by a small steam 
ejector. Generally, however, this ejector is used only in get- 
ting underway, being closed off when the turbines have as- 
sumed normal working conditions. 


CHESTER. 

The propelling machinery of the Chester, designed for a 
working steam pressure at the turbines of 250 pounds (gauge ) 
and about 507 revolutions per minute for the contract speed 
of 24 knots, consists of Parsons marine steam turbines, driv- 
ing four independent shafts, each shaft being fitted with one 
propeller. The installation comprises six ahead turbines in 
all, two of which—the H.P. and I.P. cruising—are for use 
at low powers in order to secure economy. ‘There are also 
two backing turbines, located in each of the L.P. casings, and 
it is to be observed that this arrangement permits reversal 
only of the two inboard shafts in maneuvering. 
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Referring to plate 2, it will be seen that the outboard shafts 


(Nos. 1 and 4) are operated entirely by main H.P. turbines; 
the starboard inboard (No. 2) by the L.P. (starboard) tur- 
bine and H.P. cruising turbine, and the port inboard (No. 3) 
by the L.P. (port) turbine and the I.P. cruising. 

The turbines may be used in any of three ways in propelling 
the vessel: First, for speeds up to about 18 knots, all six 
turbines are put in operation, since this combination results 
in a smaller quantity of steam being required than with either 
of the other two combinations. Steam is then admitted initi- 
ally into the H.P. cruising turbine, exhausts into the I.P. 
cruising turbine, and from the latter splits and is conveyed 
through separate pipes to each of the main H.P. turbines. 
From these latter, steam is exhausted into the L.P. turbines, 
and finally into the condensers. Second, for speeds beyond 
the capacity of the 6-turbine combination, and up to about 
23 knots, the 5-turbine combination is used. Steam is ad- 
mitted initially to the I.P. cruising turbine, passing thence 
to the two main H.P. turbines, and from each of them to the 
connected L.P. turbine. ‘The H.P. cruising turbine revolves 
idly in a vacuum. Third, for highest speed, only the four 
main turbines are used, steam being admitted initially to each 
main H.P. turbine, exhausted into the L.P.’s and then into 
the condensers. Both cruising turbines revolve idly in a 
vacuum, or may be disconnected by means of shaft couplings. 
It is to be understood, of course, that the 4-turbine combina- 
tion may be used for any speed up to the full power, just as 
the 5-turbine combination may be employed for any speed up 
to its limit. 

In any of the three arrangements, increase or reduction of 
power is effected by throttling, though in the 6-turbine com- 
bination, a by-pass is fitted between the first and second ex- 
pansion which may be used, within limits, for this purpose. 
All maneuvering is done with the four main turbines only, and 
in event of either the 6 or 5-turbine combinations being in 
use when a signal is received to go astern, a quick shift is 
necessary to cut out cruising turbines. This simply involves 
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closing and opening proper valves, and need not require a 
greater interval of time than is usual in reversing machinery 
of the reciprocating type. 

For the removal of water, all turbines have a connection 
to a system of drain piping leading to the main condensers. 
The outlet from each turbine is controlled by a valve which 
is always opened when warming up, and also on the cruising 
turbines when underway in case these are not in use for 
propulsion. 

Shaft gland boxes (twelve in all) are bolted to forward 
and after casing heads of each turbine. In order to prevent 
leakage, a steam pressure of about one pound above the atmos- 
phere is usually maintained in gland boxes when cruising, 
through a system of piping installed for the purpose. 

As shown on plate 2, the machinery is installed in two 
compartments, separated by an athwartship watertight bulk- 
head, the two cruising turbines, in addition to the starboard 
main H.P. and L.P. being located in the forward engine room. 
For the ahead motion the inboard shafts turn outboard, and 
the outboard shafts turn inboard. 

Boilers. 

The principal dimensions and arrangement of boilers are 
shown on plates 3 and 4. As previously pointed out, the gases 
of combustion make but a single pass across the tubes in their 
exit to the uptakes. It is to be noted, furthermore, that, al- 
though the grate surface is the same in the boiler installations 
of all three vessels, the Chester's boilers contain but 32,040 
square feet of heating surface, as against 37,992 square feet 
in the boiler plants of the Birming/.am and Salem. 

The system of forced draft used on the Chester is similar 
to that on the other scout vessels. It is of the closed-fireroom 
type, there being two blowers (six in all) 84 inches in diameter 
for each boiler compartment. Each blower is driven by a ver- 
tical two-cylinder (5 by 5) simple double-acting steam engine, 
with one piston valve to each cylinder. The blowers are 
arranged in pairs near the fore-and-aft center line of ship, 
with a connecting shaft between each two fans, so that both 
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fans run at the same speed, and in event of accident ‘to one 
engine the remaining engine may be utilized to operate both 
fans. 


Machinery Weights. 
Weight of propelling machinery, shafting, bearings and 
propellers is as follows: 


Tons. 

: Birmingham (2-shaft reciprocating-engine arrangement).......... 234.49 
Salem (2-shaft Curtis turbine arrangement)..................06- 254.80 

Chester (4-shaft Parsons turbine arrangement).................. 207 .38 


Weight per horsepower (the maximum power of main 
engines or turbines for two consecutive hours during either 
steam or coal consumption trials) is: 


Pounds. 


The weight of appendages (auxiliaries) to the above pro- 
pelling machinery, including main condensers, air pumps, cir- 
culating pumps and dry-vacuum pumps or vacuum augmenters 


is as follows: 


Tons. 
Salem (fitted with dry-vacuum 67.63 
Chester (fitted with vacuum augmenters) 58.19 


The boilers, fittings, smoke pipes and uptakes weigh as 
follows: 


Dry. Wet. 

Tons. Tons. 
Birmingham (12 Fore River boilers, 4 smoke pipes).... 262.51 294.14 
Salem (12 Fore River boilers, 4 smoke pipes).......... 262.61 24.24 
Chester (12 Normand boilers, 4 smoke pipes)............ 272.70 307.01 


Weight of boilers with fittings and water in pounds per 
square foot of heating surface is: 


Pounds 
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The total weight of machinery installation, including pro- 
pelling machinery and appendages, auxiliary machinery, pip- 
ing, boilers and fittings, smoke pipes and uptakes, lagging 
and clothing, flooring, ladders and gratings, fittings and gear, 
stores, tools and spare parts carried on board, and pipes, etc., 
connecting to machinery not under the cognizance of the 
Bureau of Steam Engineering, is as follows: 

Water. Total. 
Tons. Tons. 
Birmingham 53.15 843.97 


Salem ; 55.11 908 .96 
Chester 64.82 800.69 


The weight per horsepower (main propelling machinery 
only) of all machinery (wet) is: 
Pounds. 
Chester (20,004), per S.H.P 


Measuring Apparatus. 

Water-measuring apparatus installed for the tests, together 
with necessary lift pumps and piping, is shown in outline on 
plate 5. For the propelling machinery the apparatus is com- 
posed essentially of two cylindrical tanks, one for each engine 
room, divided by a central diaphragm. These tanks were 
located on the upper deck and emptied by gravity into two 
distributing tanks situated immediately below on the engine- 
room grating. Water from-each main condenser was pumped 
into its own feed tank in the usual way and from there ele- 
vated to the measuring tanks by means of lift pumps. It is 
to be noted that the central diaphragm of the measuring 
tanks served to divide each into two separate, similar compart- 
ments, thus, in reality, providing two measuring tanks of 
about 6,100 pounds capacity for each engine room. These 
tanks were of conical construction at the top and bottom, and 
each compartment terminated at the top in a cylindrical nozzle 
114 inches in diameter. 

After measurement the water was dropped to the dis- 

46 


3 
4 
| 
i 
4 
j 
5 
i 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


712 


tributing tanks, which were connected by an equalizing pipe, 
and had a combined capacity of about 24,700 pounds. Suc- 
tion pipes led from distributing tanks to feed pumps, thus 
providing means of returning water of condensation to the 
boilers. Some of the first tests (steam consumption) on the 
Chester were made without any connection between distribut- 
ing tanks, and this was found unsatisfactory, the tanks not 
being large enough to take, at all times, the full capacity of a 
liberated measuring tank. In addition to this, the lift pumps 
in the beginning gave considerable* trouble, necessitating the 
use of one main lift pump only, and thus requiring the two 
main feed tanks to be connected by opening the equalizing 
valve. Subsequently the two distributing tanks were con- 
nected to overcome this difficulty. 

Steam used by the various auxiliaries, heaters, steam traps, 
drains, etc., was condensed by the auxiliary condenser and 
the water of condensation delivered into an auxiliary tank 
installed as part of the test outfit. This tank, of rectangular 
section, was divided into two compartments, with an approxi- 
mate capacity of 1,130 pounds of water each, and by means 
of an auxiliary lift pump, could be readily emptied as desired. 
The water of condensation from the auxiliaries was, after 
measurement, delivered into the forward distributing tank, 
and any make-up water required during the tests was pumped 
from the double bottoms directly into this tank. It should 
be noted that the auxiliary measuring appliances, embracing 
tanks, piping and lift pumps, constitute a system entirely 
distinct and separate from the main measuring apparatus. 

The discharge from each lift pump terminated in a swinging 
goose neck which permitted readily shifting from one com- 
partment to the other of each tank. The shell of the main 
measuring tanks was carried above the head, thus forming 
an open-topped receptacle in which any overflow from the 
measuring tanks was caught and returned to the feed tanks 
by means of drain pipes. 

Plate 6 shows sectional views of main, distributing and 
auxiliary tanks. 
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The dynamo plant, composed of three 32-kilowatt units, 
was provided with its own condenser and pumps, and the air- 
pump delivery was so arranged that the water of condensa- 
tion could be delivered either directly into the auxiliary 
measuring tank or to the E.R. auxiliary condenser. As the 
auxiliary exhaust line of piping was also connected to the 
dynamo plant, it was possible to utilize the dynamo condenser 
to assist in condensing the steam from the auxiliaries in oper- 
ation in case the auxiliary condenser became too small in 
condensing surface to properly handle the auxiliary exhaust 
steam at high powers. 

Calibration of Measuring Tanks. 

All measuring tanks, prior to installation on shipboard, 
were carefully calibrated on platform scales at the Boston 
Navy Yard. Each tank was filled with water at 100 degrees 
temperature and the weight of contained water ascertained 
for each inch rise in height. Glass water gauges, graduated 
brass scales, and thermometers were attached to each tank 
for use during steam consumption trials. 


I. STANDARDIZATION RUNs. 


DATES OF DRY DOCKING, ETC. 


Speed performances of vessels are affected by state of wind 
and sea, and especially by condition of underwater hull as to 
cleanliness. Reduction in speed invariably follows sea-growth 
accumulations on ships’ hulls, and in order to minimize the 
uncertain and varying influence attributable to this, during 
comparative sea trials of the scouts, it was the aim to run all 
such tests with ships’ bottoms clean. This plan, however 
essential to accurate comparison, proved a most difficult one to 
execute with entire satisfaction, and, no doubt seemingly 
small, inexplainable discrepancies of speeds and power on 
some of the various trials are in a large measure due to this 
cause. 

As a preliminary to standardization runs, the three vessels 
were dry docked and the bottoms cleaned and painted with 
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the same variety of (McInnes) paint. Each vessel was 
standardized over the Rockland measured-mile course just 
prior to undertaking (II) steam-consumption tests, and as 
will appear later, this involved standardizing the Salem on 
two different occasions, as two series of steam-consumption 
tests were carried out. In these trials, moreover, and as well 
as all other (III and IV) sea runs, the aim was to load each 
vessel so that the displacement for each trial should be as 
nearly as could be calculated in the beginning, an average of 
4,000 tons. 

The following table (A) is compiled from results of stand- 
ardization runs: 


TABLE A.—Revolutions and shatt horsepower from standardization 


Birmingham. Chester. 


1st series. ad series. | 4-turbine. s-turbine. | 6-turbine. 


Shaft H.P. 


Speed, in knots. 


290.5 2,290 
15.0 | 8 | 2,763 | | 2,500 2,910 | 312.5) 2,870 312.5, 2,800 312.5 | 2,980 
15.5 | 135.7 3,955 | ong 2,780 218.3 | 3,225 | 323-5| 3,200 | 323.5 3,110 | 323.5 | 3,350 

3,100 | 225.8 3,580 | 334.0) 3,550 334.0 3,500 | 334.0 | 3,750 
16.5 | 123-§ 3-703 | 237-9) 34430 | 233-0 3,960 | 345-5| 3,939 | 345-5 | 31900 | 345.5 | 4,180 
17.0 | 127-5 | 4,070 | 239.0} 3,800 | 240.1 44370 356.0) 4,320 | 356.0) 4,320 | 356.0 | 4,630 


17-5 131-4 | 44493 | 246.0) 4,160 | 247.3| 4,800 | 367.0| 4,780 | 367.0| 4,820 | 367 0 | 5,100 
18.0 | 135-3 | 4,860 | 253.2| 4,580 | 255.0| 5,280 | 378.0| 5,220 | 378.0| 5,300 | 378,0 | 5,600 
18.5 | 139-3 | 5,301 | 260.2/ §,000 | 262.2| 5,780 | 3890/ 5,700 | 389.0| 5,850 | 389.0 | 6,150 
19.0 | 143-2 | 55778 267-5 5,450 | 269.8 6,330 | 400.0} 6,250 | 400.0| 6,400 | 400.0 | 6,700 


| 
5,950 | 277.0| 6,880 | 410.0 | 6,780 | 411.0| 7,000 | 
| 422.0| 7,650 | 

| 030 | 433.0, 8,280 

8,800 | 442-5 | 8,700 | 444.0 | 9,050 | 
| 


91500 | 454.0 9,500 | 455.0 9,800 | 
10,430 | 466.0 10,570 
| 478.0} 11,480 
12,1 490.0 | 12,420 | 
13,330 | 504.0| 13,600 ove 
14,650 one | 


* Assumed to be 94 per cent. of indi 


|| 
curves. 
| 
| 
| 74-2 go2 ove 139.2 | 870 | 203.0 79° | 203.0 | 630 203.0| 700 
10.5 | 77-7 1,010 | 147-3 720 146-3 | 3,000 | 214.0 | 900 | 214.0 | 5° | 214.0, 800 
11.0 | 1,137 | 153-8 | 153. 1,140 | 225.0| 1,050 | 225.0 | 225.0} 940 
| 85.2 | 1,273 | 161.0 | 161.0) 1,300 236.0; 1,200 | 236.0) 1,050 236.0 | 1,100 
12.0 88.8 1,410 | 168.0 1,140 | 168.0) 1,460 246.7 1,380 | 246.7 1,220 | 246.7 | 1,280 
12.5 92-5 | 1,579 | 375.0 | 1,330 | 175-0 | 1,650 | 258.0, 1,580 | 258.0| 1,430 2580 1,500 
13.0 96-5 | 1,795 | 182.2) 1,520 | 182.2| 1,860 | 268.5| 1,800 268.5 | 1,670 | 268.5 | 1,730 
13-5 100.2 | 2,012 | 189 3 1,740 | 189.4 2,080 | 279.5 2,040 | 279.5 1,900 | 279.5 | 1,980 
20.0 6,834 coo, | 
20, 155. 7,398 | 289.0 os ooo 
15965 | 8,018 | 296.5 | ove 
21.5 | 163.7 8,694 | 303-9 ed 
22.0 168.5 | 9,428 | 381.2 ove 
22.5 172.5 | 10,226 318-9 9,640 | 322.4) 1 
23.0 177-5 326.8 | 10,475 | 330-4) 
23.5 | 183.1 | 12,4 335-0 | 11,430 338.8 1 
24.0 | 189.5 | 130918 344-0 | 12,600 | 347.3/ 1 os 
24.5 | 197-2 | 15,837 353-8 | 14,050 | 357-0| 15,730 | 533-5 | 10,380 | | 
30 | | 364.6 | 16,000 | 367.0} 17,550 554-0 | 18,450 | 
horsepower. 
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Standardization of the Chester involved running over the 
measured-mile course using all three—4, 5 and 6—combina- 
tions of main propelling machinery. It was found, however, 
that up to about 19 knots, although there was slight variations 
in horsepower, one speed-revolution curve answered prac- 
tically for all turbine combinations; above that speed, and for 
the 4 and 5 combinations, separate speed-revolution curves 
were laid down. 

Prior to (IIL) coal-consumption trials, all vessels were again 
docked and bottoms painted. ‘The number of days inter- 
vening between date of docking and commencement of the 
various tests is shown below: 


Days out of dock. 


Birming- 
ham. 


Before standardization trials.............. 
commencement of main steam 
consumption tests. .............. 

first coal-consumption test 


It will be observed from table A that although the two 
standardizations of the Salem (first and second series) were 
run (December 15, 1908, and August 11, 1909) at the same 
displacement, results as to revolutions and power for a given 
speed differ somewhat. This is probably attributable to un- 
like weather conditions and different condition as to cleanli- 
ness of underwater hull when the trials were run. There is 
likelihood, also, that torsion-meter readings were unreliable, or 
a further possibility of inaccurate determination of zero points 
of the instruments, although investigation seems to show 
slight probability of large differences of power being accounted 
for in this way. 

Plates 8, 9 and 10 show standardization data for the three 
vessels, and on the same sheets for comparison, points have 
been plotted for power, speed and revolutions, as determined 
on later (steam and coal-consumption) sea trials. 
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II. SreaAM-CoNsuMPTION TRIALS OF MAIN PROPELLING AND 
AUXILIARY MACHINERY. 


Of the various trials undertaken, those of this group, com- 

prising tests to fix steam consumption of the propelling ma-— 
chinery of the three vessels at different sea speeds, are be- 
lieved to be of most importance. The object was to establish 
comparative steam expenditures of the three types of main 
propelling installations, progressively, from about 10 knots to 
maximum speed, and, incidentally, this involved determination 
of the steam used collectively on each trial by the auxiliaries in 
operation. It will be apparent that in running these trials, 
it was necessary to keep in view, and, as far as possible, guard 
against any features which might have an indeterminate in- 
fluence on speed, such as the following: (1) Unlike condi- 
tions of underwater hull as to cleanliness; (2) variable 
weather and sea conditions; (3) dissimilarity in displacement. 

All vessels were fitted with separate and similar water- 
measuring apparatus, and the series of tests on each were 
undertaken at different times, as the ships could be spared for 
the purpose. When once started, however, the entire series 
was finished before assignment of the vessel to duty elsewhere, 
and for convenience in coaling as the trials progressed, the 
coaling plant at Bradford, R. I., was selected as an accessible 
base from which to operate. For the second series of tests 
on the Salem, the coaling station at Frenchmans Bay was 
chosen as a base. 

It was the aim to have the bottoms of all vessels free from 
marine growth, and as far as could be judged from the con- 
dition of that part of the underwater body visible at the water 
line there was no radical difference in this respect when the 
trials were run. The time interval between coming out of 
drydock and commencement of these trials, however, was not, 
as has been previously pointed out, the same for any of 
the three vessels. 

Tests were run during favorable weather only; that is to 
say, under conditions of smooth sea and comparatively light 
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winds, and, as far as practicable, in day time, the ship al- 
ways coming to anchor about nightfall. Frequent delays 
occurred by reason of unfavorable weather, and often, on 
slow-speed runs, advantage was taken of the protected waters 
of Long Island Sound in order to escape unsuitable weather 
conditions prevailing in the open sea. 

An effort was made to maintain uniformly a standard mean 
displacement of 4,000 tons on all trials, but evidently this 
could be carried out practically within reasonably narrow 
limits only. The draught was adjusted by water ballast 
(using trimming tanks and double-bottom compartments) at 
the beginning of each day, when tests were to be made, so that 
the resulting displacement would be slightly over the figure 
stated, due consideration being given to the amount of coal 
likely to be consumed. ‘The displacement for each trial run 
during the day was readily figured from the draught on 
coming to anchor for the night. As the ship’s displacement 
gradually decreased, due to daily fuel consumption, a con- 
dition was finally reached, after completion of a number of 
tests, where it was impracticable to arrange for the standard 
displacement by water ballast alone; at such times tests were 
temporarily discontinued until the ship could be again coaled. 

A brief description has been given of the water-measuring 
appliances, and it will only be necessary to set forth here more 
in detail the method followed in its operation. Reference has 
been made to lift pumps which were installed as part of the 
test outfit. Three such pumps were provided on each vessel, 
one in connection with each main feed tank, and one for the 
auxiliary measuring tank. The sole function of the main 
lift pumps was to draw water from the feed tanks and ele- 
vate it to the measuring tanks located on the spar deck. From 
these latter, after measurement, the water was dropped by 
gravity into distributing tanks below, from which, through 
proper connections to the feed pumps, the boilers were sup- 
plied with feed water. The auxiliary-lift pump handled all 
water, after measurement from the auxiliary tank, and de- 
livered it to the forward distributing tank; water of con- 
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densation from auxiliaries in operation was discharged into 
auxiliary measuring tank by the air pump of the auxiliary 
condenser. 

It was the usual practice, after the propelling machinery 
had been regulated to the number of revolutions desired (as 
determined from the standardization speed-revolution curve ) 
and with the water of condensation passing through both 
main and auxiliary measuring apparatus, to allow about one- 
half hour to intervene before beginning to record data, in 
order to guard against irregularities of operation and for the 
further purpose of permitting the machinery to assume normal 
working conditions. Eight observers were stationed as fol- 
lows: one at each main measuring tank; one at the auxiliary 
measuring tank; two in each engine room to record data of 
counters, gauges, revolutions, etc., of auxiliary machinery, and 
height of water in feed tanks; one to record data of auxiliaries 
outside of the engine-room spaces. In addition to the above, 
a requisite number of observers were assigned to secure data 
from which the power of the propelling machinery could be 
calculated. 

A stand-by signal was given one minute before each test 
began, generally by engine-room gongs; also at the instant of 
beginning each test, and thereafter at precisely twenty-minute 
intervals as the test progressed. At the moment of starting, 
measuring-tank observers shifted goose-neck connections, and 
thus directed the water of condensation into the empty com- 
partment of the measuring tanks, the valves at the bottoms 
controlling the outlets having been previously closed. As each 
measuring-tank compartment filled, the remaining one was 
emptied and prepared for the reception of water, so that both 
compartments were used alternately as the test proceeded. A 
record was kept of the elapsed time in filling each compart- 
ment, as well as of the temperature of the water. 

In the engine room the height of water in each feed tank 
at all time intervals during the tests was recorded, a graduated 
scale being attached to facilitate making such entries. These 
tanks, moreover, had been calibrated, and although the aim 


| 
i 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 719 


in all tests was to maintain the water delivered into them at 
a constant height, in event of departure from this, the exact 
weight of exhaust steam condensed by each main condenser 
could be figured at any time by applying a proper correction. 
The feed tanks were also connected by an equalizing pipe, 
making it possible to use but one main measuring tank and 
its lift pump for both engine rooms; and it may be noted in 
passing that during the first tests on the Chester the forward 
lift pump gave considerable trouble from unsatisfactory work- 
ing, unavoidably necessitating on such tests connection of the 
two feed tanks through the equalizing pipe. Ordinarily, how- 
ever, the tanks were disconnected, as this method furnished 
the means of separately determining the weight of exhaust 
steam entering each main condenser. 

Steam-consumption tests may be classed under two general 
headings, as follows: First, those in which none of the auxili- 
ary exhaust steam was used in the main propelling machinery 
to assist propulsion; and, second, those in which all available 
auxiliary exhaust, not utilized in the feed heaters, was con- 
veyed to the propelling machinery to assist propulsion. Other- 
wise stated, the two classes comprise tests, (1) in which ex- 
haust steam from the auxiliaries was led into the feed-water 
heaters, afterwards being delivered to and condensed in the 
auxiliary condenser, and (2) tests in which the auxiliary 
exhaust line was open, not alone to the feed heaters, but as 
well to L.P. engine receivers (Birmingham) or some stage 
(Salem and Chester) of main turbines. In tests of the latter 
character only condensed exhaust from dynamos, trap drains, 
etc., delivered into the auxiliary measuring tank, the regu- 
lating valve in auxiliary exhaust line at the auxiliary con- 
denser being tightly closed to prevent entry therein of exhaust 
steam. It will be evident that water of condensation collected 
and measured in the main tanks in such tests included steam 
used by the main propelling machinery, and in addition part 
of that used by the auxiliaries. A pressure above the atmos- 
phere was always maintained in the auxiliary exhaust line, 
which was affected by a regulating valve on the auxiliary 
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condenser in tests of the class first mentioned, and by manipu- 
lation of proper valves attached to propelling machinery on 
other tests. It should be noted that the larger the percentage 
of auxiliary exhaust steam delivered to the main engines or 
turbines the greater the speed and power developed, the 
highest speed and power on a given steam consumption being 
obtained when the feed heaters are not in use. The apparent 
economy, as measured in total steam per knot and per horse- 
power, would then reach a maximum. ‘This, however, does 
not represent the point of maximum economy when speed 
and power are based upon coal consumption, for the use of 
sufficient auxiliary exhaust in the feed heaters to give the feed 
water the highest temperature increases the amount of steam 
evaporated in the boilers when the same amount of coal is 
being consumed, so that the increased output more than 
counterbalances the apparent loss due to the use of exhaust 
steam in feed-water heaters. This fact should always be taken 
into consideration when the performance of any vessel is given 
in terms of total water per knot or per horsepower, otherwise 
misleading inferences may be drawn. It may be further 
pointed out in connection with steam-consumption trials that 
close regulation of auxiliaries to the requirements (which 
to a large extent are dependent upon speed of vessel) was 
not attempted. In this respect data of coal-consumption trials 
furnish a safer guide as to the least quantity of steam necessary 
for operation of the auxiliaries, since on all ships during these 
trials every effort was made to reduce this expenditure to a 
minimum. 

Power of the main propelling machinery was calculated, for 
the Birmingham, from indicator cards. ‘Torsion meters, of 
the Denny-Johnson type, were fitted on the Salem and Chester 
to obtain shaft horsepower, determinations with these instru- 
ments being made by comparison of the torsion on a length 
of turbine shafting, which before installation had been care- 
fully calibrated, and torsion readings on the same length of 
shaft during the trials. In the latter, the torsion meters meas- 
ured the torsion by means of magnets, electrical resistance 
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coils, etc., readings depending for accuracy upon adjustments 
for sound disappearance. Particular care was exercised, at 
all times, to secure accurate torsion-meter readings, but the 
type mentioned as installed on these vessels is believed to be 
too delicate, both in construction and theory of operation, for 
satisfactory and reliable results on shipboard. Moreover, at 
low powers, because graduations for sound disappearance 
were so widely apart, a source of considerable possible error 
existed, no matter how carefully readings were taken, as 
illustrated by the following: Scale graduation, between ad- 
jacent contact points on the instrument, progress by 0.02 be- 
ginning at 0. The smallest reading recorded on any test was 
0.07, which lies between the contact points of 0.06 and 0.08, 
and which, therefore, can only be regarded as an approxima- 
tion. Furthermore, this reading was subject to correction for 
determination of zero point of the instrument, which is estab- 
lished by steaming ahead, for example, on the port screws, 
while the starboard shafts revolve idly and presumably with- 
out torque. It will be evident that this latter reading can 
not be taken with any greater degree of accuracy than the 
former. At higher powers, the possibility of error is smaller 
in percentage of the total, and in addition, torsion-meter 
readings can be more readily noted, because at higher rotative 
speeds the sound is more distinguishable. 

Since on various sea trials it was possible only to obtain 
shaft horsepower of the main propelling equipments of the 
Salem and Chester, while on the Birmingham torsion meters 
were not installed, the necessity of selecting either shaft or 
indicated horsepower as the unit for purposes of power com- 
parison is apparent. Shaft horsepower has been chosen prin- 
cipally because power expended in propulsion on two of the 
three vessels was thus measured. Sufficient experimental data 
is not extant to fix accurately the existing ratio between 
shaft and indicated horsepower. Moreover, this ratio varies 
somewhat for the same engine, being greater at lower than 
at higher powers, and besides is not constant for engines of the 
same power if of different types. In practice, however, it 
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is generally considered as constant for all usual ranges of 
power of the same engine. In calculations relating to these 
trials, a ratio of 0.94 has been assumed in converting indi- 
cated into shaft horsepower, but this should be regarded only 
as a close approximation. It may be further pointed out, in 
this connection, that no attempt has been made to convert indi- 
cated into shaft horsepower for the auxiliaries, since compu- 
tations of this character introduce so many uncertainties, at 
best, as to render such calculations of doubtful value. 

Calorimeters of the Barrus throttling type were installed 
and readings therefrom recorded on all sea trials. These were 
located between the throttle and steam chest, as follows: 
One in each engine room of the Birmingham and Salem; 
on the Chester, four in all, one each to H.P. cruising, I.P. 
cruising and main H.P. turbines. 

In carrying out steam-consumption trials on main ma- 
chinery the importance of obtaining uniformity in water rates, 
under like conditions of operation, was realized. The weight 
of condensed steam collected was checked at frequent inter- 
vals as the tests progressed, and each test continued until 
agreement of results, within reasonable limits, was shown. 
Almost all tests cover a time interval of at least two hours, 
and this is believed to be sufficiently long to secure reliable 
data when fluctuations in water rates are slight. Where, how- 
ever, considerable variation occurred in this particular, due 
to unknown causes, tests were continued over a longer period. 

Results of evaporative boiler tests hereinafter described 
show practically no moisture in the steam, even for higher 
combustion rates. In calculations relating to steam consump- 
tion of main and auxiliary machinery, therefore, it has been 
assumed that dry steam was supplied at all times. In this 
connection it may be remarked that steam separators were 
fitted in each engine room, in the main steam line of the 
Birmingham and Salem, but no similar appliance was installed 
on the Chester. Through an oversight in design and con- 
struction, the interior diaphragm being improperly located, 
the forward separators on both ships were only partly efficient 
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for the purpose intended, unless cross-connection pipe between 
port and starboard main steam lines in forward engine room 
was not used. As installed, and with valves open on the 
pipe mentioned, steam from the port boilers could pass di- 
rectly to the forward propelling engine, the separator merely 
serving as a means of communication. The first series of 
steam-consumption trials on the Salem were run with this 
cross-connection pipe in use, and on some tests violent fluctua- 
tions were noticeable of the lower calorimeter thermometer. 
This may be attributed to the fact that the forward turbine on 
all these tests, when making the same number of revolutions, 
used more steam than the after, and consequently the supply 
was no doubt drawn partially through this cross-connection 
pipe. In later trials, connection between port and starboard 
main steam lines was effected through piping in the firerooms 
only. 

The following was the order in which steam-consumption 
tests of the main propelling machinery took place: Chester, 
November 18 to December 5, 1908; Salem (first series), De- 


cember 31, 1908, to January 3, 1909; Birmingham, January 
7 to 12, 1909; Salem (second series), August 7 to 14, 1909. 


BIRMINGHAM. 

[ Table G.] 

The auxiliary exhaust line of piping on this vessel is con- 
nected to the second receivers of main engines. ‘Tests Nos. 
2, 4, 7 and 9 were carried out with receiver valves slightly 
open, the object being to thus utilize any auxiliary exhaust 
steam not condensed in the feed-water heaters. It will be ap- 
parent that, by cutting out the latter, all exhaust from the 
auxiliaries becomes available to assist in propulsion, but neces- 
sarily this involves lowering the boiler feed-water tempera- 
ture; and while in this way a less number of pounds of steam 
per unit of power developed unquestionably results, no in- 
crease in economy, based upon coal consumed, is shown. Re- 
ceiver valves were so regulated in these tests, therefore, as to 
maintain feed-water temperature at about 150 degrees. 
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Tests Nos. 1, 3, 5, 6, 8 and 10 were conducted with engine 
receivers valves closed and engine-room auxiliary condenser 
in operation to care for such excess of auxiliary exhaust steam 
as was not condensed in the feed heaters. 


SALEM. 

[ Tables H and I.] 

As previously pointed out, two series of steam-consumption 
tests were carried out on the Salem. ‘The second series, how- 
ever, was not made until after completion of (III) coal-con- 
sumption tests and (IV) full-power run. 

On all sea trials of this vessel it had been noticed that the 
starboard turbine showed less efficiency than the port, inas- 
much as more nozzles were required to be open on the former 
(with the same steam-chest pressure) to maintain the same 
revolutions of the two turbines. To ascertain the cause of 
this difference, it was decided, after the full-speed run of 
twenty-four hours, to lift top casings of both turbines. Upon 
examination it was found that the starboard turbine had sus- 
tained damage by lodging of an obstruction between the 5th 
stage nozzles and buckets, resulting in almost completely 
closing up steam passages through the first row of buckets of 
that stage, and which accounted for decrease in revolutions 
of the starboard as compared with the port turbine. It was 
apparent, also, that both turbines were generally in a bad con- 
dition, due to excessive working of rotor shaft in a fore-and- 
aft direction, which was made possible by yielding of thrust 
foundations. In both turbines the rotor and shaft had worked 
fore and aft until the clearances in most of the stages between 
rotor buckets and intermediates had not only disappeared, but 
the rotor-bucket bases and shrouds had rubbed and cut into the 
bases and shrouds of intermediates until the latter had, in 
many instances, been reduced in width from 4 to 3/16 of an 
inch. Moreover, while in the port or after turbine the move- 
ment of the rotor had been forward, yielding to the thrust 
of the screw and the steam thrust which act in the same direc- 
tion in that turbine, in the forward or starboard turbine, the 
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displacement of the rotor had been aft against the screw 
thrust, yielding to the abnormal steam thrust brought about by 
the closed buckets of the 5th stage. 

At the overhauling which followed this examination, and 
which took place at the works of the Fore River Shipbuilding 
Company, buckets and intermediate blading of both turbines 
were put in good condition, and additional braces fitted to 
thrust bearings; all movable valves (of the slide type) between 
stages, originally installed over diaphragm-nozzle openings, 
were also removed. These latter were designed and fitted with 
a view of controlling to a limited extent the pressure and con- 
sequently the flow of steam in passing through the turbines. 
They were spaced at intervals circumferentially, and arranged 
to be hand operated through a stem extending to the outside 
casing. It was believed that by regulation of the steam flow 
through the various stages at low powers, by means of these 
valves, steam economy might thus be effected. Practically, 
however, as demonstrated during the first series of tests ( Nos. 
3 and 5) there appeared to be no material difference in steam 
economy, no matter whether these valves were closed or open. 

Upon completion of repairs, the Salem was ordered on a 
cruise to the Canary Islands, later returning to the Boston 
Navy Yard for drydocking and reinstallation of water-measur- 
ing apparatus before commencement of the second series of 
steam-consumption trials. The first (table H) series consists 
of eight and the second (table I) of eleven tests. 

Particular attention is invited to results of tests Nos. 2 and 
5 of the second series, which were run at about the same speed 
of the vessel. Test No. 5 was made with all (20) nozzle 
valves open, regulation being by turbine throttles entirely, 
for the sole purpose of comparing steam consumption under 
these conditions with that in test No. 2, in which but 3 (after) 
and 3,*, (forward) nozzles were open. In the latter test 
(which is the ordinary method of operation) turbine throttles 
were practically wide open, slight modifications in revolutions 
when necessary being made by manipulation of the throttle 
valves. It is to be noted further that there was wide difference 
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in steam-chest pressures in the two tests, the average (per 
gauge—both turbines) for No. 2 test being about 210 pounds 
and for No. 5 test about 30 pounds, while pressures in main 
steam line were approximately 249 and 201, respectively. 
As will be seen from an examination of the data, there was 
no appreciable difference in economy of the turbines in the 
two tests. Suitable connections were installed to the third and 
fourth stages of main turbines for utilization of auxiliary 
exhaust steam. In test No. 4 (first series) and tests Nos. 3, 
4, 7 and 9 (second series) the auxiliary exhaust line was open 
to feed heaters as well as to third stages of turbines. 


CHESTER. 

[Tables J, K and L.] 

Steam-consumption tests on the Chester, numbering twenty- 
nine in all, embrace trials of the 4, 5 and 6-turbine combina- 
tions at various speeds. It should be pointed out that the 
results of the first five are at variance with later similar tests 
in the series, and are regarded as unreliable. These were 
the first of the steam-consumption tests to be undertaken, and 
it is probable that inaccuracies resulted from inexperience in 
operating the main machinery in connection with measuring 
apparatus, the difficulties of which, in the beginning, were 
greatly accentuated by unsatisfactory working of main lift 
pumps. 

Economy tests on turbines of the Parsons type are influ- 
enced to a great extent by the amount of clearance allowed 
between dummy pistons and rings which controls steam leak- 
age. On the Chester adjustments of dummy clearances are 
made by movement of the lower and upper halves of thrust 
blocks, and the operation is one requiring both skill and accu- 
racy. Upper half of thrust blocks are intended to take the 
steam thrust only, while the lower half absorbs the propeller 
thrust. For the two cruising turbines, which are on inboard 
shafts (Nos. 2 and 3) and located forward of each main 
L.P. turbine, expansion couplings are installed, the arrange- 
ment being such that thrust bearings of these turbines are not 
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subjected to propeller thrust. All main turbines are designed 
to be balanced, the end thrust on the rotor and the unbalanced 
thrust on the blading, both resulting from steam pressure, 
being equal to and in the opposite direction to the propeller 
thrust. Perfect equilibrium, however, under all conditions 
of operation is practically impossible, and while for some 
speeds and turbine combinations propeller thrust predom- 
inates, others occur in which the steam pressure overbalances 
the propeller thrust. It will be apparent that in either case 
there is a tendency to a fore-and-aft movement (technically 
known as “float’’) of shaft and its attached rotor, which is 
forward in event of propeller thrust preponderating and aft 
under reverse conditions, or when steam thrust overbalances 
propeller thrust. The amount of “float,” although small in 
any case, bears directly upon dummy clearances, operating to 
enlarge or reduce the same, depending upon whether the shaft 
movement is forward or aft. No effort was made while 
steam-consumption trials were in progress to adjust dummy 
clearances closer than usual service practice, since it was the 
aim to obtain steam economy under ordinary cruising con- 
ditions and not ideal results. 

Brief mention has been made in describing the Chester's 
turbines of the means employed to prevent leakage (in or 
out) around shafts where the latter pass through turbine- 
casing heads. Plate 7 shows sectional views of the H.P. and 
L.P. turbine gland boxes, from which, it will be observed, 
that the packing consists, essentially, of a number of rows of 
knife-edge strips, supplemented by brass packing rings. The 
function of gland boxes is to check leakage of steam into 
the engine rooms when the pressure is greater in the rotor 
casings than the atmosphere, or air leakage into the turbines 
in event of the pressure being below the atmosphere, which 
latter, unless prevented, would cause a noticeable vacuum 
drop. Conditions arise, with the various turbine combina- 
tions, such that certain gland boxes (8 of the 12 provided) 
are required to pack against a steam pressure out, while 
under other conditions of operation these same gland boxes 
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must be practically tight against an air leakage in. In oper- 
ating the 6-turbine combination, to cite an example, gland 
boxes of cruising turbines are required to pack against a 
steam pressure in rotor casings, which usually is above the 
atmosphere. When, however, the 4-turbine combination is in 
use, both cruising turbines revolve idly in a vacuum (drains 
to these turbines being Open to the main condenser) and their 
gland boxes are required to be tight against a leakage of air 
into the turbine casings. Generally speaking, gland boxes of 
initial turbines are required to resist steam leakage out, but 
in all cases the function of the gland boxes of L.P. turbines is 
invariably to prevent air leakage into the casings. 

Glands of all turbines are connected by branches to a system 
of piping, with suitable cut-out valves extending the length 
of both engine rooms. When steaming, it is the aim to main- 
tain in this system at all times a pressure of about one pound 
per gauge, and this may be effected through a branch con- 
nection to the auxiliary exhaust line, or in case steam leakage 
out from any gland box is considerable in amount use of 
such steam is made for this purpose. With the type of gland 
box installed on the Chester steam leakage depends largely 
upon the highest final pressure existing in any turbine casing, 
and at full power, with the 6-turbine combination in use, this 
pressure becomes a maximum, being approximately the same 
as the initial pressure in the I.P. cruising turbine. Under 
such circumstances (and as well other powers of the 5 and 6- 
turbine combinations ) the gland leakage is more than sufficient 
to pack the entire gland system, and unless provision were 
made to dispose of such excess steam an intolerable condition 
would soon result in the forward engine room. A 3-inch 
branch pipe, with cut-out valve, connects the gland system 
with the main condenser, and through this any surplus leak- 
age is delivered. It will be noted that steam thus condensed 
is not fully utilized in the turbines, and from the standpoint 
of economy it would seem that a branch connection from the 
gland system to one or more stages of the low-pressure tur- 
bines would be a desirable addition. 
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TABLES OF DATA AND PERFORMANCE CURVES. 


On account of the large number of steam-consumption tests 
carried out, the data are too voluminous to print in full. As 
illustrating the method followed, however, one test on each 
‘ ship—at approximately 15-knots speed—is shown in detail in 
tables D, E and F. A summary of all tests is given in tables 
G, H, I, J, K and L. 

Performance curves, plates 11 and 12, have been drawn 
from results of steam-consumption tests, and figures in tables 
B and C have been compiled therefrom. It will be seen (plate 
11, table B) that, based on total steam used, for all purposes 
(excluding lift pumps), the Birmingham is the most economi- 
cal of the scout vessels up to (a) 20.6 knots (50 per cent. of 
designed power of main engines). Above that speed the 
Chester, using the 5-turbine combination, becomes the most 
economical and at (b) 21.6 knots the 4-turbine combination 
is more economical than the Birmingham’s reciprocating en- 
gine installation. Up to (c) 22.25 knots, the Birmingham 
is more economical than the Salem (second series of tests), 
but above this speed the Birmingham becomes the least eco- 
nomical of the three vessels. Due probably to excessive gland 
leakage, the Chester's 6-turbine combination is less economical 
than the 5-turbine combination above (d) 17.4 knots; the 5- 
turbine combination, up to the limit of its speed, is invariably 
more economical than the 4-turbine combination. The 
Chester’s 4-turbine combination is less economical than the 
Salem’s installation up to (e) 19.45 knots, but more eco- 
nomical above that speed. 

Based (pl. 12 and table C) on steam used at various speeds 
per hour by the main propelling machinery only (exclusive of 
all auxiliaries) the figures above stated change but slightly. 
Using reference letters as in the previous paragraph, the 
figures become (a) 20.6, (b) 21.5, (c) 22.45, (d) 18.0, (e) 
18.9. 

Curves plotted on plates 8, 9 and 10 show, in addition to 
other data, points for power, speed and revolutions as found 
on steam-consumption trials. 
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TasLe B.—Total steam consumption for all purposes (exclusive of lift pumps) at speeds 
from. 10 to 25 knots, at knot intervals. 


COMPILED FROM PLATE No. 11. 
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C.—Steam consumption of main engines or turbines only at speeds from 10 to 25 
knots, at knot intervals. 


COMPILED FROM PLATE No. 12. 


Steam 
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17 knots.............. 86,200 105,400} 98,500 | 100,300 108,200, 80°97 , 93/ 100 
18 knots.............; 98,600 118,200 ..........] 111,400 120,000) 8298.5 ...... 100 
19 knots.............| 114,400 | 132,500 |..........| 124.500 133,500 86 93 | 100 
20 134,000 150,000 ..........] 138,500 148,500/ 90 101 |....../ 93) 100 
21 knots............-} 160,000 170,500 |..........| 155,000 166, 500 96 102 93 | 100 
22 knots.............| 192,000 195, 000 173, 300 187,000 103 104 .....-| 93 | 100 
23 knots.............| 282,800 | 227,400 214,700 | 206 106 100 
26 knots.............| 285,500 | 273,000 254,600] 112 107 |......|......] 100 
Speed. Chester. | |. | Chester. 
| |‘ Turblnes use Soa | 7 
Six. | Five. | Four, | | = [Five Four. 
10 knots.............| 21,600| 29,000] 24,250| 31,400/ 32,300! 67| 75| 97! 100 
11 knots.............] 26,200] 36,100} 30,200| 36,000| 38,000/ 67| 93 78 | 95 100 
12 knots.............| 31,300] 42,800 36,200} 42,500/ 45,700, 68! 94/ 79| 93; 100 
13 knots.............| 36,000! 50,000| 42,500| 48,800| 53,000! 70. 94! 60 | 92} 100 
14 knots.............| 48,000! 57,800| 49,000] 55,400! 61,000 71| 95| 100 
15 knots.............| 50,400} 66,700} 56,200| 62,800, 69,800 | ai | 90 | 100 
16 knote.............| 58,900} 76,500 | 63,900 71,400 78,900| 75| 97| 81| 9| 100 
17 knots.............. 68,800| 87,300] 73,900| 81,100/ 88,900 77/| 98 91 | 100 
18 knots.............! 90,000} 99,000] 92,400 | 92,000 | 100,000 | 99 | 92| 100 
19 knots.............| 94,800} 112,000 |..........| 104,200 | 112,000} 84 | 100 93 | 100 
113,000 | 127,300 |.........-| 118,000} 125,900| 90 101]......; 94| 100 
21 knots.............| 136,800 | 145,200 |..........| 133,000 | 141,800! 102 94| 100 
22 knots.............| 166,000} 169,000 |..........} 150.000 | 160,700 | 103 | 105 |......| 93} 100 
23 knots.............| 203,200 | 199,000 184,500/ 110} 100 
94 knots.............| 247,000 | 238,000 218,000 | 
(96.6 261,800 264,000 ex 107 100 
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Ill. TrEsts At SPEEDS OF APPROXI- 
MATELY 10, 15 AND 20 Knots. 


IV. Coat-ConsumpTion TEst at Power. 


Four comparative coal-consumption tests were carried out 
as outlined above, the vessels being in company, and conse- 
quently subjected to the same weather conditions. As planned, 
these tests were to be of 100, 50, 100 and 24 hours’ duration, 
respectively, but on account of rough weather the 10-knot trial 
was discontinued after steaming 96 hours, and for a similar 
reason the 20-knot trial ended after 98 hours. 

Bradford, R. I., was selected as an accessible and suitable 
base from which to operate, particularly as the same grade of 
coal (New River) was available at this coaling station for 
all trials. The use of the same grade of coal, it may be 
pointed out, is a desirable, if not a necessary, condition to 
accurate comparison. 

Before each coaling an estimate was made for each vessel 
of the amount necessary to be taken on board, so that the 
mean displacement for each trial, as nearly as could be figured 
beforehand, would average 4,000 tons. This calculation in- 
cluded, in addition, an allowance for “ make-up” feed water, 
which in all coal-consumption trials was carried in double- 
bottom compartments, the distilling plant being operated only 
to supply fresh water for purposes other than the boilers. 
The displacement, as finally determined, was figured from 
draughts taken at the beginning and end of each trial, cor- 
rected for weights removed while reaching the course, and in 
steaming to an enchorage after completion of the trial. 

On coal-consumption tests the aim was to effect a com- 
parison of the sea performance of the three vessels as meas- 
ured by the coal consumed. As outlined originally, shifting 
of an engineers’ personnel (firerooms only): from ship to ship 
was contemplated, with a view of thus fixing with precision 
the number in the complement, and, in addition, eliminating 
as far as possible the personal factor in firing. This plan, 
however, was abandoned because of practical difficulties in 
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successfully carrying out the scheme, and for the further 
reason that, under such circumstances, the various trials of 
all vessels would have had to be separately carried out, in- 
stead of steaming in company, with resulting complications as 
to influence of weather conditions. All trials were run, there- 
fore, with the engineers’ force regularly assigned to the ves- 
sels, the complements of which, with reference to numbers in 
each rating, differed somewhat; but it is impossible under 
the circumstances, to frame conclusions with accuracy cover- 
ing the comparative efficiencies of the three engineering 
personnels. 

No attempt was made to directly measure the steam used 
by either the main or auxiliary machinery, the water-measur- 
ing apparatus having been removed from all ships prior to 
commencement of these trials. Attention was concentrated 
primarily on securing an accurate determination of the quan- 
tity of coal consumed, although on all trials such detailed 
data were recorded as would enable a close calculation to be 
made of the steam used by any or all of the machinery in 
operation by comparison with previous steam-consumption 
tests. 

As accuracy of comparison on trials of this character de- 
pends almost exclusively on the accuracy with which the 
quantity of coal burned is ascertained, the method of securing 
such data received careful attention when the trials were 
planned. It is obvious that any practical method to obtain 
such information adaptable to conditions on shipboard is apt 
to involve an element of doubt, and, therefore, the method 
selected should be the one least likely to error. The following 
were suggested and considered: First, to weigh all coal as 
taken from the bunkers; second, to use only coal put up in 
bags of known weight; third, to tally buckets or baskets of 
coal as taken from the bunkers, and at intervals to ascertain 
average weight; fourth, to mark the coal bunkers horizontally 
at intervals of 100 cubic feet with painted stripes, so that by 
leveling at the beginning and end of each trial the number 
of cubic feet of coal taken from each bunker could be calcu- 
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_lated. Any of the four methods mentioned involve uncer- 
tainties as to correct weight, the most important reasons 
therefor being as follows: (1) The weighing of coal as taken 
irom bunkers on account of the crowded condition of fire- 
rooms would hardly be a feasible scheme on the scout cruisers 
at high powers, no matter how many extra men might be 
assigned for the purpose; (2) it would have been expensive 
to bag coal in sufficient quantities for the proposed trials, and, 
furthermore, bagging material ordinarily used generally be- 
comes injured in handling on shipboard, resulting in coal 
being spilled and for which it is difficult to make accurate 
allowance; (3) experience shows that calculations for coal 
expenditures by tallying buckets, even when great care is 
exercised, almost invariably fall short of the true weight, 
undoubtedly attributable to the tendency on part of the fire- 
room staff to “heap’’ buckets, in addition to the constant 
liability of error (generally one way only) in tallying, which 
latter, it may be noted, is a necessary adjunct to the first two 
methods; (4) in stowing of coal bunkers, there is never 
absolute certainty that all pockets or spaces have been prop- 
erly filled, especially around beams, stiffeners, platforms, etc., 
and, moreover, the weight of coal which can be stored in a 
given bunker is governed to some extent by the relative pro- 
portions of slack and lump. 

The fourth method was selected as being open to the fewest 
objections and as offering the best practical means of com- 
paring results of coal-consumption trials. In this connection 
it may be stated that on preliminary government-acceptance 
trials of these vessels (for 24-hour trials at 12 and 224 knots, 
respectively) it was the intention to make use of this method 
of determining coal consumption and the bunkers conse- 
quently were striped originally at the building yards. On the 
trials referred to, however, the Chester was the only ship on 
which the method was used. 

On all trials, comparison is based upon ee of cubic 
feet of coal consumed. In order, however, to convert such 
results into units of weight, the cubical space contained in 
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cars used in transporting coal from storehouses to the wharf 
when coaling was calculated and corresponding weights c‘ 
coal ascertained. The cars used were small and approxi- 
mately of two and four tons capacity. They had a plane side 
surface, the base being constructed with a triangular jog in the 
central part and extending the full length to facilitate empty- 
ing. As coaling proceeded, preliminary to each test, a number 
of cars in use were measured; each was weighed when empty, 
and again when loaded and leveled. The average of all cal- 
culations showed a ton of coal to occupy a space of 43.5 cubic 
feet, and although this figure seems somewhat high, it has been 
adopted in computing coal consumed in tons on all trials. 

After coaling and prior to commencement of each trial, 
such bunkers (after leveling) as were to be used, were care- 
fully inspected, and the distance noted from top of coal to the 
nearest stripe, from which data cubical contents were readily 
calculated. While the distance between adjacent stripes varied 
in the same bunker, and, of course, for different bunkers, 
the average was approximately seven inches for those bunkers 
abreast the firerooms. When leveled, readings by independent 
observers rarely differed for any bunker by as much as fifteen 
cubic feet, and this figure may be regarded as representing the 
maximum liability to personal error, assuming the stripes to 
have been properly located and the coal closely stowed. It 
should be pointed out here that the tendency of bunker coal is 
to settle when ships roll at sea, which tendency is pronounced 
at times, and especially in bunkers indifferently stowed, where 
there has been failure to fill in properly around obstructions 
(girders, beams, platforms, etc.) when coaling. Directions 
were given, however, that particular care be exercised in this 
respect in stowing bunker coal for these trials. 

In general, the manner of securing coal data on the vari7us 
trials was as follows: In steaming from the anchorage off 
Bradford to the open sea, and prior to commencement of each 
trial, coal was taken from bunkers other than those reserved 
for the trial. At the instant of starting, fireroom plates were 
swept clean, or an estimate made of the coal thereon, and 
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doors raised on those bunkers from which coal was to be 
used. Upon completion of the trial, these bunker doors were 
lowered, care having been taken to leave no coal, or as little 
as possible, on the floor plates at that time. The coal remain- 
ing in the trial bunkers was then leveled and inspected, and 
the volume figured from the stripes, coal for the boilers in 
operation as the ship proceeded to port being taken from other 
bunkers. On the 20-knot trial a slight modification was re- 
quired, since it was necessary during this trial to make use of 
coal stowed in a larger number of bunkers, and in consequence 
those bunkers from which coal was taken until the trial 
commenced were releveled and inspected. 

During each trial a sample of coal was taken on the three 
vessels, and later subjected to analysis, as shown below: 


Coal consumplion tests 
COAL ANALYSIS. 


Proximate analysis- 


Sulphur. 


14,311 
14, 559 
14, 478 | : 
14, 409 
14, 598 
13, 604 
14, 417 
14,390 
14,481 | 20. 
.86 7.60 | | 13,988 | 19.95 
| 20.10 | 73.51 | 4.97 | 14, 548 | 20.39 
| 20.92 | 78.34 | 4.70 | .74 | 14,716 | 21.14 


20.68 | 71.58 | 6.13 .80,| 14,372" 21.02 


During the trials at 10, 15 and 20 knots each vessel regu- 
lated revolutions of main propelling machinery for the re- 
spective speeds mentioned in accordance with standardization 
curves (Plates 8-10). Generally a column-like formation was 
preserved, although there was no attempt to maintain position 
with exactness. Revolutions were varied occasionally, but 
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Coal as fired. Dry coal. q  . 
| a |= < | — 
Birmingham.........| 1 | 1.39 | 71.80 | 7.00 | 14,513 
2/ 1.37 | 73.37 | 5.28| 14,761 = 
1.27 | 73.15 | 5.79 | 14, 664 — 
4) 1.49 | 72.16 | 6.23) 14,627 
| 73.17 | 5.10 | . 14, 801 q 
2 | 2.43 68.42 /10. 04 | 13, 943 
| 3} 1.49 | 73.55 | 5.90 | 14,635 
4 | 1.53 | 72.67 | 6.51 | 1. 14,614 . 
3.28 | 72.20 | 7.85| 14,425 
3) 1.42 | | £00) 14,758 
4 1.08 | 74.11 | 4.75) .75| 14,872 
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only as was necessary to keep the vessels within a reasonable 
distance of one another. Such changes were always slight, 
and usually made at long-time intervals, so that no ship was 
handicapped—as often happens when steaming regularly in 
squadron—by constant throttle-valve changes to regulate 
speed. A number of turns were made during the 10 and 15- 
knot trials; on the 20-knot run but one turn was made. It 
should be mentioned that at each turn the leading vessel took 
up position astern in the column, and that at such times navi- 
gators of the three vessels established their relative positions 
by stadimeter of observations, which was also done at the 
commencement and end of each trial. Distances covered by 
each vessel on the various trials, as figured from revolutions, 
when taken in conjunction with observed stadimeter data, 
indicates a considerable influence on speed, apparently attribut- 
able to some,.or all, of the following: Trim of vessels; steer- 
ing; weather conditions. 

On full-power run, revolutions were not set, all vessels being 
permitted to proceed on a course previously laid out at the 
highest speed possible to maintain. A number of 180 degrees 
turns were made, in which way all vessels were brought within 
reasonable distances of one another when too widely separ- 
ated. Soon after this trial began, the forward propelling 
engine of the Birmingham developed a knock in wrist-pin 
brasses of I.P. crosshead which increased gradually and finally 
resulted in carrying away the oiling gear to this part of the 
machinery. In addition, a leak developed in receiver, piping of 
the same engine—connection from H.P. to I.P. valve chests 
at the top—but no serious inconvenience resulted therefrom, 
except increase of “make-up” feed water required as the 
trial progressed. Because of these mishaps, it was believed 
inadvisable to extend the trial of this vessel beyond twelve 
hours, and at the end of that time, the Birmingham returned 
to port. The other vessels, however, continued on the trial 
for the full period of twenty-four hours. 

Plate 13 (pounds of coal per hour—speed in knots) has 
been laid down from results of coal-consumption trials; a 
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TABLE M—Coal-consumption tests. 


Birmingham. | Salem. 


| Approximate speed 
| Duration in 


Average pressure in fireroom in inches of water. 


| No. of test. 


oo 


12! 1. 57 | 
(6) ¢24 5. 807 | 12) 5.08, 4.84 
| 


8 
& 


TOTAL EVAPORATION PER HOUR—BLOWER STEAM—NET AVAILABLE STEAM. 
| 


Total Blower Net Total Blower 


tion. 


Ad Be (A-B)/ cd De (C-D)/ 


pora- allable ailable Blower available 
eva) avi eva ra- av. av: 
tion. steam. | "steam. steam. | "steam. jon, | Steam. steam. 


1 10/96} 32,871 990 | 31,881] 44,674 873 36,097 
2/15! 50] 67,438; 1,961| 65,477] 84,280] 2,219 74, 596 
3 20 | 98 129,176 | 5,200} 123,976 | 163,111 7,385 A34, 270 
4 | (2) 271,545 | 18,493 | 253,052 | 293,103 | 24,820 314, 161 


PER CENT OF TOTAL EVAPORATION eee ER STEAM— 


100 | 100 
100 | 100 
100 | 100 
100 | 100 


Forced on used intermittently 50 hours. 

Maximum speed: Birmi fam, 24 knots; Salem, 24.32 knots; Chester 25.08 knots. 
Birmingham discontinu his irial — twelve hours. 

rated per ‘hour, ee. (II. Steam consumption tests.) 


ur by forced di _— in ds. (See liary tests.) 
Net available st steam per hour, in auxiliary tes 
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. Num- | No. of fireroom. | Nam. | No. of fireroom. | Num-| No. of fireroom. a 
boilers | boilers | | boilers 
in use. | 1 2 3 jinuse.) 1 1 2 3 |inuse.| 1 2 3 
| 
2 8 |.......| 0.546 .788 8 ........ .407 | 0.418 
3 1. 554 12 60.9 
“4 5.11 12| 3.03] 3.03] 3.03 
4 
i 
4 
Ed Fe | (E-F)/ 
525 | 133,745 
6,510 | 307, 651 
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summary of the principal data will be found in tables N and 
O. Referring to table N, it will be seen that an attempt has 
been made from the weight of coal consumed, to figure boiler 
evaporation, as shown on these trials for comparison with 
results of (V) evaporative, tests. The total steam used by 
all machinery, as recorded in column q of the table, has been 
carefully calculated, due allowance being made for such 
auxiliaries or apparatus as were intermittently used, and 
which required steam for their operation. It has been as- 
sumed, moreover, in this calculation (column q) that all 
“make-up” feed water expended (which in amount was de- 
termined from calibrated double-bottom compartments) was 
converted into steam, which assumption is probably not en- 
tirely correct. It will be noted, from an inspection of columns 
r and s (data being brought to the same basis for purposes 
of comparison), that a higher equivalent evaporation than that 
shown on boiler tests is recorded for the Birmingham on the 
10-knot trial, and also for the Chester on the run at full power. 
No plausible explanation can be given for this, although it 
may be pointed out that all figures in column q are dependent 
upon conversion of coal, as measured, into weight, in accord- 
ance with data obtained when coaling for these trials. 
Because of dissimilar propeller efficiencies, the power re- 
quired to drive the different vessels (same displacement) at 
a given speed, differs considerably. For example, on No. 3 
trial (about 20 knots) the average horsepower (shaft) of the 
main machinery—tabulated in table O, column s—was found 
to be as follows: Birmingham, 7,120.5; Salem, 6,883.3; 
Chester, 8,374. It will be obvious, therefore, that coal con- 
sumption of the machinery (either main or inclusive of all 
auxiliaries) per horsepower—notwithstanding the coal burned 
was of the same grade and quality— is not a true indication 
of the relative economies of the three vessels. Moreover, 
while coal burned per knot furnishes a more accurate means 
of comparison, it should be remembered that entering into a 
comparison of this character is the important factor of boiler 
efficiency, and, as well, expenditures of steam (forced-draft 
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blowers) necessary in conjunction with service operation of 
the boiler plants. Tables Q and R show boiler efficiencies 
under varying rates of combustion, and it will be observed 
that under similar conditions as to air pressure there is a 
wide difference in the amount of coal consumed. In this 
connection, it may be further pointed out, that on the 10 and 
15-knot coal-consumption runs, due principally to differences 
in boiler design, the Chester steamed under natural draft, 
while on the other two vessels, with the number of boilers in 
operation, forced draft was a necessity. 

Table M, above, compiled from results of coal-consumption 
tests, has been prepared to show available percentage of net 
output of steam for the three vessels. Comparison of the 
boiler plants should be based on this as well as_ boiler 
efficiencies. 


V. EvaAporaTIvE Borer TESTs. 


A series of evaporative tests were made on the Salem and 
Chester, using the two after boilers, with a view of com- 
paring boiler efficiencies under different rates of combustion. 
The boilers mentioned connect to and are the only boilers 
delivering gases of combustion to the after smoke pipe. 
The tests were carried out (in port) under as nearly as 
possible actual service conditions, and the boilers fired by the 
ships’ force. It was considered unnecessary to repeat tests 
of this character on the Birmingham, because of similarity of 
boiler installations on this vessel and the Salem. 

On the Salem four tests were made with closed fireroom 
under air pressures equivalent, respectively, to $4, 14, 24 and 
4 inches of water. Tests on the Chester covered one at natural 
draft with others at 4, 14 and 24 inches of water pressure, the 
aim being to simulate conditions of steaming in service and 
to approximate to the same coal consumption per square 
foot of grate in the boilers of each vessel. — 

Before beginning each series of tests, and after the heating 
surfaces had been properly cleaned and examined, a test 
water pressure (boilers cold) was applied in order to make 
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sure that no leaks existed. Further cleaning of the boilers 
was done after each test, generally at night, as thoroughly as 
that was possible without hauling fires or allowing them to 
die out. 

The main water-measuring apparatus—installed primarily 
to secure data on steam-consumption tests of the propelling 
machinery—furnished an easy and accurate method of de- 
termining the weight of water pumped to the boilers. Feed. 
water was supplied to the forward measuring tank (fig. 1, 
pl. 6) and afterwards dropped to the lower or distributing 
tank (fig. 2, pl. 6), from which latter, through a suction 
connection to the feed pump, it was delivered to the boilers. 
All tanks prior to installation in the ships were carefully 
calibrated, and the weight pumped to the boilers during any 
test was readily calculated from its volume and temperature. 

The ships’ main delivery feed line was made use of to supply 
water to the boilers, and this was carefully examined for leaks 
at intervals as the tests progressed. Only the use of a com- 


paratively short length of this line, however, was necessary, 
as by closing certain valves in the after fireroom the delivery 
of feed water forward of the boilers under test was not 


possible. 

During tests on the Salem, feed water was pumped directly 
to the boilers from the lower or distributing tank, its tempera- 
ture being somewhat raised prior to measurement, by drains 
blowing into the main feed tank. On the Chester, the feed 
pump discharged through the forward heater, and the water 
on its passage to the boilers, was raised in temperature by ex- 
haust steam from the auxiliaries in use. 

Steam generated by the boilers under test was supplied to 
the main steam line, and so much utilized as was necessary 
to operate port auxiliaries; any excess was disposed of either 
through specially rigged piping directed overboard (Salem) 
or delivered to the main condenser (Chester) through bleeder- 
pipe connections. 

Moisture in the steam was determined by Barrus throttling 
calorimeters, one of these instruments being fitted to each 
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boiler and connected to main stop-valve chambers on boiler 
side of valves. The distance of calorimeters from boiler 
drums was about 12 inches. 

Coal was weighed on platform scales in the firerooms, and 
at the beginning and end of each test, fires were carefully 
leveled so as to have, as nearly as could be judged, the same 
amount on the grates. It may be stated here that in planning 
these tests it was the intention to use the same kind and grade 
of coal in all, but on account of the movement of the vessels 
this proved inconvenient. The two series were made, there- 
fore, with Georges Creek (Salem) and Eureka (Chester) 
coal, the vessels being temporarily at the Boston and New 
York Navy Yards, respectively, when the tests were carried 
out. 

Considerable ash and cinder were blown out of the smoke 
pipes in all tests except No. 4 (natural draft) on the Chester. 
Because of this, determinations of weight of ashes hauled 
from the ash pans were considered valueless, and _ these 
weights, in consequence, have been figured from results of 
chemical analyses of the coal used. 

Temperature of smoke-pipe gases were taken (about 35 
feet above grates) by mercurial and electric pyrometers. In 
tabulating results, however, readings only of the mercurial 
pyrometer are recorded, except in test No. 3 on the Chester. 
In this test, flame was observable, at frequent intervals, 
through the aperture into which the pyrometers fitted, a cir- 
cumstance which did not occur during other tests, and the 
electric pyrometer only was used on account of high 
temperature. 

Analyses of flue gases on each test were made by Orsatt 
apparatus, at hourly periods on the Salem and at half-hourly 
intervals on the Chester. The average of all such analyses 
for each test is recorded in the tables. 

A summation of the data of all tests is given in tables Q and 
R, and it will be noted, from a comparison of results, that the 
boilers installed on the Salem, under approximately similar 
conditions as to consumption of coal, show a higher thermal 
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COMPARATIVE TRIALS O 


Taste Q.—U.S. 


F SCOUT 


S. Salem. 


CRUISERS. 


Number of test. 1. 2. | 3. 4. 
.. July 17, 1909uly 18, 19, July 20, 190: 
| 
| | | 
i hours... 12 10 8 6 
| Georges | Georges | Georges | Georges 
| Creek. | Creek. Creek. Creek. 
| Continu- | Continu- | Continu- | Continu- 
. ous fires. ous fires. | ous fires. | ous fires. 
..| Fair. Fair. Fair. Fair. 


7. Steam pressure by gage ................... peunds. .| 

8. Force of draft at base of pipe....... inches of water- ‘| 
_ 9. Force of draft in furnace 


FUEL. 
. Kind of 


22. Weight of wood used in lighting fires... ... 

23. Weight of coal as fired .................-..4.. do. 
25. Weight of dry coal consumed................ do... 
26. Weight of ash by analysis................ pounds. 
27. Weight of combustible consumed............ do... 
28. Per cent of ash by analysis in dry cosl.............. 


FUEL PER HOUR. 


. Coal consumed per hour.........:.......- 
. Dry coal consumed per hour................. ee... 
. Combustible consumed per hour............. do. 


. Coal consumed per hour per square foot G.S..do.... 
33. Dry coal consumed per hour per square foot 


. Dry coal per hour per square foot H.S......... 
. Combustible per hour per square foot H.S....do...., 


29. 88 
221 | 
—0.6 


294 | 
| 


29.76 | 
245 
-0.7 


0.81 0.78 | 1.59 1.47 
1.25 1.25 | 2. 


5 2.5 


405, 


°F. 77 79 | 72 

15. Feed water entering heater.................. do,... |Notin use. | Notin use. Notin use. Not in use. 
16. Feed water entering economizer.............. do, . None. None. | None. 

17. Feed water entering boiler................... do... 127 90 117 

19. Escaping gases from boiler................... do... 476 558 | 632 

. Escaping gases from economizer............. do.. , None. None. None. | 


247 

-0.7 

2.67 2.66 
40 4.0 


None. 


il 


None. 


772 
AVERAGE PRESSURES. | 
29.90 | 
242 | 
—0.4 
10. Force of draft in fireroom ...................d0.....0.5 0.5 | 
1}. Revolutions of 195 512 
AVERAGE TEMPERATURES. | j 
21 sod Georges Georges Georges 
Creek. Creek. | Creek. ! Creek. 
| 23,800 35,000 | 40,650 | 42,600 
: 23, 458 34,612 | 40, 333 42,127 
1,560 2,721 | 3,001 3,016 
21,898 | 31,891 37,332 39,41 
: 6.65 | 7.86 7.44 | 7.16 
2 1,983 3,500 5, | 7,100 
30) . 1,955 3,461 5,042 | 7,021 
: 31 1,825 3,189 4,667 | 6,519 
16.85 | 29 84 60. 53 
: 34. Combustible consumed per hour per square foot | 
15.73 | 27.49) 40.23 | 56.20 
d 35. Coal per hour per square foot H.S............do.... 0.313 | 0. 552 0. 802 | 1.121 
0. 308 | 0. 546 0.796 | 1.109 
0.288 | 9,503 0.737 | 1.029 
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QUALITY OF STEAM. 


. Per cent of moisture in steam 
). Degrees of superheating 
Quality of steam (dry steam=100) 


WATER. 


. Total weight of water fed to boiler a 4 
. Water actually evaporated, corrected for quality of 
steam (40 by 41) 
. Factor of evaporation 
Equivalent water evaporated into dry steam from 
and at 212° (42 by 43) 


WATER PER HOUR. 


. Water evaporated per hour, corrected for quality of 


5. Equivalent evaporation from and at 212°............ 
. Equivalent evaporation from and at 212° per square 


. Same per square foot of heating surface. ...... MOvs.2 
ECONOMIC RESULTS. 


Water apparently evaporated under actual condi- 
tions per pound of coal as fired (41+23).pounds. . 

. Apparent equivalent evaporation from and at 212° 
per pound of coal (including moisture) 44+23, 


. Equivalent evaporation from and at 212° per pound 
of dry coal (44+25) 
. Equivalent evaporation from and at 212° per pound 
of combustible (44 +27). 
EFFICIENCY. 


. Efficiency of boiler; heat absorbed by the boiler per 
pound of combustible divided by the heat value of 
one pound of combustible 

. Efficiency of boiler, including grate; heat absorbed 
by the boiler per pound of dry coal, divided by 
the heat value of one pound of dry coal 


REMARKS AND OBSERVATIONS. 


. Principal data taken every 

. Percentage of smoke as observed 
. Average thickness of fires. 4” to 5” 5’ to6” | 6” to7” 
. Efficiency of firemen; expert, average, or poor...... Good average fireman. 


Corrected for inequality of water level and steam pressure at beginning and end of test. 


r 
TaBLe Q.—U. S. S. Salem—Continued. 
Number of test. 1. 2. 3. 
| 
0. 241 0. 646 0.44 0. 671 
34 None. None. None. q 
Re: 99. 759 99. 354 9 56 99. 328 = 
2 
41 230,683 | 208,836 | 347,349 329, 882 - 
42 
290,127 | 206,905 | 345,821 | 327, 666 
43 1.15 1.186 1.161 1.167 = 
“4 
264,666] 382,120] 01, 152 982, 386 
steam pounds. . 19,177 29, 690 43,228 618 
4 
foot G. pounds.. 190 303 432 549 
48 3.48 5.56 7.92 10. 06 
9.60 8.54 8.54 7.71 
pounds 11.12 10.06 9.84 8.94 
11.28 10.17 9.95 9.07 ae 
52 
12.08 11.04 10.74 9.77 a = 
53 
75.49 59.51 | 66.54 60.96 a 
| 
| 
55) Hour. poe. 
56 
8” to9 
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TaBLE Q-—U.S.S. Salem—Continued. 
FUEL AND GAS ANALYSES. 


PROXIMATE ANALYSIS OF FUEL. 


| 2. 3. 4. 


. | Percent. | Percent. | Percent. 
76 | 71. 82 72.68 72. 85 


1.38 | 1.19 1.05 

8.13 | 7.52 7.20 

100.00! 100.00 100.00 


1.04 


ULTIMATE ANALYSIS OF DRY FUEL. 


Number of test. 


Per cent., 


Carbon (C).......... pine ome 83.10 81.40 81. 69 81. 85 
Hydrogen (H) wis 4.57 4.62 4.63 4.54 
3. 38 3.85 4.07 4,22 


CALORIFIC VALUE OF FUEL 


Number of test. 


Calorific value by calorimeter, per pound of dry coal... 


Calorific value by calorimeter, per pound of combustible. 15, 435 15,339 | 15,589 | 15,477 
Calorific value by analysis, per pound of dry coal....... 14,705 14,451 | 14, 482 14, 436 


Calorific value by analysis, per pound of combustible...' 15,751 | 15, 682 | 15, 45 } 15, 548 


Per cent. Per cent. Percent. | Per cent. 
7.16 | 8.30 2.83 10.10 


‘Carbon monoxide 


Nitrogen (N) (by 82.96 80. 39 | 78. 33 79. 52 


774 
| 
1. 2. | 3. 4. 
: | Per cent Per cent | Per cent. 
Molsture in sample of fuel as received................... 0. 82 1.38. 119 | 1.05 
i 
1. 2. 3. 4. 
| | | | 
, ANALYSES OF DRY GASES. 
ee 9. 88 0. 28 1. 24 | 1.23 
. 
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Taste R.-U.S.S. Chester. 


Number of test. 


Date of test 
. Duration of test. ... 
. Kind of fuel.. 


. Kind of start........ 


AVERAGE PRESSURES. 


. Steam pressure by gage J 
. Force of draft at base of pipe.......inches of water. . 
. Force of draft in furnace 


. Force of draft in fireroom. 
. Kevolutions of blower. 
AVERAGE TEMPERATURES. 


. External air 
. Fireroom 


. Feed water entering heater 

. Feed water entering economizer 
. Feed water entering boiler 

. Alr entering ash pit 

. Escaping gases from boiler 

. Escaping gases from econdémizer. 


FUEL. 


. Weight of wood used in lighting fir 

. Weight of coal as fired 

- Moisture in coal 

. Weight of dry coal consumed 

. Weight of ash by analysis . 
. Weight of combustible consumed............. 
. Per cent of ash by analysis in dry coal 


FUEL PER HOUR. 


. Coal consumed per hour. 
. Dry coal consumed per hour 
. Combustible consumed per hour.............. 


. Combustible per hour per square foot H.S...do.... 
QUALITY OF STEAM. 


. Per cent of moisture in steam. -..............000000+ 


50 


1. 


Feb.2, 1909. 


Eureka. 
Continu- 
ous fires. 


19 


Feb.3, 1909. 


8 

Eureka. 
Continu- 
ous fires. 


4. 


Feb.4, 1909. 
6 
Eureka. 
Continu- 
ous fires. 


Feb.5, 1909. | 
12 
Eureka. 
Continu- 
ous fires. 
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| 
if 
5 Fair. Fair. Fair. Fair. 
7 258. 5 257 258 252 
8 —0.4 —0.6 -0.7 —0.4 
9 0.0 0.02] 0.42 0.45] 1.1 1.22 |-0.2 -0.2 
"0 0.5 0.5/1.5 1.25] 25 25 { 
13 77 | 65 | 62 | 88.7 
408.5 408 | 408. 5 | 406. 5 
15 103 87 | 96 | 103 
16 None. | None. | None. None. 
17 143 | 15 | 98 | 215 
18 77 | 65 | 62 | 88.7 
19 655 | 722 | 973 | 602 : 
2 None. | None None. 
Eureka. | Eureka, Eureka. 
None. | None. | None. | None. cea 
23 | 33,200 36.450} 38,550 | 25,875 
24 | 1.5! 2.75 Ave. 1.92 
25 | 32,702} 35.448! 37,779 25,379 
26 | 2003: 2,001) 2,875 1,716 
27 30,609 | 33,357 | 34,904 | 23,663, 
6.40 | 5.90 | 7.61 | 6.76 es 
junds..) 3,320 4,556 6,425 2,156 
30 do....| 3.270 4,430 6,296 2,118 
31 3,061 4,170 5,817 1,972 
32. Coal consumed per hour per square foot G. 8...do....| 28.62 39. 28 55. 39 18. 58 : a ee 
33. Dry coal consumed per hour per square foot G. S., = eS 
28.19 33.19 54. 28 18. 23 
34. Combustible consumed per hour per square foot | i 
35. Cea) per hour per square foot H.8...........do....| 0. 622 0. 853 1. 203 0. 403 == 
36. Dry coal per hour per square foot H.8.......do... | 0.612 0 829 1.179 0. 306 ; eg a 
37 | 0.573 0.781 1.089 0,369 
0.173 0.31 0. 401 0.143 
39. Degrees of superheating............................| Nome. . None. None. None. i a 
40. Quality of steam (dry steam=100)..................| 99.827 99. 69 99. 599 99. 862 : 7 
|| 
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Taste R.—U. 8. 8. 


Chester—Continued 


| 
Number of test. | 


WATER. 


. Total weight of water fed to boilere , 

. Water actually evaporated, corrected for quality of | 
_pounds. . | 

. Factor of evaporation | 


WATER PER HOUR. 


. Water evaporated per hour, corrected for quality of | 
steam .. 
. Equiv: alent ev: vaporation from and at nee 


. Equivalent evaporation from and at 212° per square 


ECONOMIC RESULTS, 


. Water appatently evaporated under actual condi- | 


tions per pound of coal as fired (41+23) ..pounds. .| 
. Apparent equivalent evaporation from and at 212° 
per pound of coal (including moisture) 44+23 | 
..... pounds. .| 
. Equivalent evaporation from onde at ‘22 per pound 


EFFICIENCY. 


. Efficiency of boiler; heat absorbed by the boiler per 
pound of combustible divided by the heat value 
of 1 pound of combustible 

. Efficiency of boiler, including grate; heat absorbed 
by the boiler per pound of dry coal, divided by 
the heat value of 1 pound of dry coal. | 


REMARKS AND OBSERVATIONS. 


Principal data taken every 


5&6. Percentage of smoke as observed..............-.- 


. Average thickness of fires. . 
. Efficiency of firemen; ape, average, or poor. . 


62.48 | 

| 

No analysis was made of the ashes nor of the 
cinder blown out of the stack. 


| 
| 
| 
| 


55.71 65.68 


61.59 | 
| 


jhour. | 4 hour. 

No estimate made. 
6" to7” 8 wo" 
Good average firemen. 


hour. 


5” to 6” 


4” 
| 


for i 


eC 


lity of water level and steam pressure at beginning and end of test. 
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2 | 2 ‘ 
| 
| | 
4 4 273,096 | 287,081 | 265,766, 237,750 
} 
273, 420 286,141 | 264,700 237, 430 
43 | 1.134 1. 168 | 1. 180 | 1.058 
44. Equivalent water evaporated into dry steam from | 
: and at 212° (42 by 43)..............-....pounds. .| 309, 605 332,381, 312,160 | 250, 963 
| 
| | 
| | 
| 
ay 27,342 | 35,769 | 44,117 | 19, 786 
30,900} 41,548 | 52,026, 20,914 
267 358 | 448 | 180 
48. Same per square foot of heating surface......do....| 5.80 7.78 | 9.74 | 3.91 
| | 
i 
8.25 | 7.88 | 6.89 | 9.19 
9. 33 | 9.12 | 8.10 | 9.70 
51 ! | | 
of dry coal (44+ 25) pounds. ., 9.38 8.26 | 9. 88 
E 52. Equivalent evaporation from and at 212° per pound | | | 
of combustible (44+27)...................pounds. .! 10.11 | bead 8.94 | 10.61 
| 
| 
‘ 
| 
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Taste R—U. S. S. Chtester—Continued. 
FUEL AND GAS ANALYSES. 


PROXIMATE ANALYSIS OF FUEL. 


Number of test. ! 1. 2. | 3. 


Fixed | 76. 84 | 75.51 
Volatile matter 18.75) 15.81 
| 97 | 

6.44 | 8.20 


Percent. | Percent. | Percent. 


4. 

Per cent, 
76. 61 
15.36 
7.14 


100.00 100. 00 
Sulphur separately determined... | i 1.70 


100.00 
Lis 


ULTIMATE ANALYSIS OF DRY FUEL. 


Number of test 


Moisture in sample of fuel as received. ............. 

Oxygen (9) 


4 


Per cent. 


CALORIFIC VALUE OF FUEL. 


Nuinber of test. . | 2 
Calorific value by calorimeter, per pound of dry coal....| 14,629 | 14,697 
Calorific value by calorimeter, per pound of combustible. 15,627 | 15, 617 
Calorific value by analysis, per pound of dry coal ‘ 14,673 | 14,744 
Calorific value by analysis, per pound of combustible...) 15, 674 | 15, 668 


ANALYSES OF DRY GASES. 


Number of test. 


po 
Percent | Percent. | Percent. | 
0.52 0.97 0.78 0.89 
| 83.41 | 84.06 81. 82 83.27 an 
4.42) 4.39 4.31 4.33 
3.30 | 3.03 3.49 3.44 
1.10, 1.08 1.06 1.05 
1.37 | 171 1.15 
6.40 | 5.90 7.61 6.76 
Moisture in sample of fuel as received............... 0.52 | 0.97 0.78 0.89 ae 
B.T.U. |B.T 
14,320 14. 548 
| 15,498 15, 600 
| 44,370 14, 576 
| i 
Percent. | Percent. | Percent. Per cent. 
Corben 0. 34 0.76 0.2 0.53 
Nitrogen (N) (by 78. 29 | 80. 48 80. 69 80.52 
100.00 | 100.00 | 100.00 100. 00. 
4 


778 COMPARATIVE TRIALS OF SCOUT CRUISERS. 


efficiency than the type on the Chester. ‘This, unquestionably, 
is attributable, in part, to the larger percentage of tube-heating 
surface in the Salem’s boilers, but more particularly to the 
tortuous passage traversed by the gases of combustion. 
Graphical representations, based on results of evaporative 
tests, and coal-consumption tests, as well are shown on plate ' 
14. 


VI. Tests or AUXILIARY MACHINERY. 
(Tables 2-82; Summary Table T) 


Immediately after installation of auxiliary measuring tanks 
on each ship, a series of tests were run to establish, under 
varying conditions, the steam consumption of individual 
auxiliaries. These tests, carried out at the Boston Navy 
Yard, were the first to be undertaken, and results in detail 
are set forth in tables 2 to 32. 

The method adopted was to isolate and condense the exhaust 
steam from the auxiliary under test, using the forward en- 
gine-room auxiliary condenser, and to ascertain the weight 
of the resulting water of condensation. To facilitate securing 
the data sought, temporary atmospheric exhausts were rigged 
to such auxiliaries as were likely to be run either constantly or 
intermittently during the tests, and which ordinarily ex- 
hausted into the auxiliary exhaust line. These included an 
auxiliary-boiler feed pump, steam cylinder operating air and 
circulating pumps of auxiliary condenser, ice machines, etc. 
Dynamo installations, as previously pointed out, were pro- 
vided with independent condensing plants, so that no special 
provision to handle exhaust steam from these was necessary. 

In the three ships the auxiliary exhaust line, in a fore-and- 
aft direction, runs almost parallel to the center line, with 
suitable branch connections to each of the various auxiliaries. 
This line of piping was used to convey exhaust steam from 
the auxiliary being tested to the engine-room auxiliary con- 
denser, from which, in the form of water, it was delivered by 
the air pump to the auxiliary measuring tanks. Plate 6, 
figure 3, shows the construction of these auxiliary tanks, and 
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it will be seen then, for each ship, but one tank, of rectangular 
section, provided with a central watertight diaphragm, was 
required. The division of each into two separate compart- 
ments constituted, in reality, two measuring tanks of about 
equal capacity, into either of which the water of condensation 
could be directed, as desired, by a swinging gooseneck. 

No special provision, other than fitting certain appliances 
(gauges, counters and indicator gears), was made to prepare 
any auxiliary for test, a superficial examination being alone 
considered necessary when the auxiliary appeared to be in 
satisfactory working order. It was the aim to operate each 
auxiliary under conditions met with in service, but examina- 
tion or special fitting of steam-cylinder packing to influence 
steam economy was not attempted. Counters were generally 
fitted in all cases where not permanently installed, to de- 
termine accurately the revolutions, or double strokes, during 
the test; in addition, steam gauges were installed on steam 
chests, and in some tests, such, for example, as those of feed, 
flushing and ash-ejector pumps, gauges were also fitted to 
indicate discharge pressures. Moreover, to assimilate actual 
service conditions, a back pressure of about 6 pounds above 
the atmosphere was maintained in the auxiliary exhaust line, 
during all tests, by manipulating a regulating valve governing 
inlet to auxiliary condenser, the pressure noted being that 
usually carried when exhaust steam from the auxiliaries is 
utilized in the feed-water heaters, as is the custom in cruising. 

It was usual, before the commencement of an auxiliary 
test, to subject the system as a whole to a preliminary test 
for tightness. This merely involved inspection of the air- 
pump discharge, after starting auxiliary condenser, the ab- 
sence of water issuing therefrom being accepted as indi- 
cating not only that the auxiliary exhaust line was clear, but 
that the condenser was free from salt-water leaks as well. 
The auxiliary to be tested was next started, but before be- 
ginning to record data, sufficient time—usually one-half hour 
or more—was allowed to elapse to insure normal working 
conditions. During this period the water of condensation was 


2 
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permitted to run directly through one of the two compart- 
ments of the measuring tank to-the feed tank below. At 
the instant of beginning the test the swinging goose neck, 
attached to the air-pump discharge, was shifted and directed 
into the other empty compartment of the measuring tank, 
the gate valve at the bottom of this having been previously 
closed. 

The water of condensation was thus collected, and by aid of 
a graduated scale and water-gauge glass, attached to each 
compartment, the height in inches, as the tests progressed, as 
well as full tanks, could be noted and recorded. Opportunity 
offered, as each compartment was being filled, to prepare the 
remaining one for use, so that tests could be carried on for 
any length of time, and without interruption, by alternately 
shifting goose-neck connection of air-pump discharge from 
one to the other as the compartments filled. In some tests, 
as will be observed from the tables, it was not considered 
necessary to collect an entire tank of condensed water, while 
others were continued to include several tanks. Boiler and 
steam-chest pressures and pressure in auxiliary exhaust line, 
with the data necessary to compute power, are recorded in 
appropriate columns in the various tables. 

It will be apparent from a survey of the tabulated data that 
essentially the same mode of procedure was adopted in all 
auxiliary tests. At the start of each the water of condensation 
was directed into one compartment of the measuring tank, 
and as the test advanced, the elapsed time to fill the various 
heights (usually by progressive intervals of 5 or 10 inches) 
up to “tank full,” together with the temperature of water 
at each reading, was recorded. From _tank-calibration 
tables, making due allowance for temperature—which cor- 
rection generally was immaterial—the weight of collected 
water up to any height was readily ascertained. Regularity 
in time interval to fill equal increments in height (each 
tank compartment being closely of the same rectangular sec- 
tion up to about 45 inches) usually indicated regularity in 
steam consumption of the auxiliary under test. ‘This, how- 
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ever, was not necessarily the case, as it was noticed, par- 
ticularly when the measuring tank filled slowly and therefore 
the quantity of steam being condensed was comparatively 
small, that gulps of water were frequently delivered at irreg- 
ular intervals. The cause of this may be traced to pockets 
in the exhaust line of piping or possibly to failure of the air 
pump to deliver small quantities of water with unvaried 
regularity. 

To assist in analyzing auxiliary tests, a number of curves 
were plotted from the data. Curves constructed using steam 
consumption per hour as abcissae, with ordinates representing 
revolutions (or double strokes) per minute, multiplied by the 
weight of a cubic foot of steam at the average steam-chest 
pressure, proved of substantial value in differentiating the 
steam used by individual auxiliaries on main steam-consump- 
tion trials, where the condensed exhaust steam from all 
auxiliaries, as a whole, was measured; also, in coal-consump- 
tion trials, to calculate approximately the steam used by the 
various auxiliaries in operation. It should be observed that 
points of curves with co-ordinates as above noted, seemed to 
lie generally in a straight line, and the conclusion was reached 
that this invariably follows for those auxiliaries with con- 
stant cut-off and which remain in a constant working 
condition. 

As stated, during main steam-consumption trials (II), the 
amount of condensed exhaust steam as a whole from the 
auxiliaries in operation, was ascertained by measurement in 
the auxiliary tanks. On these tests and other sea trials as 
well, sufficient data were recorded also to enable a close 
approximation of power and steam consumption to be made 
of each auxiliary by comparison with results of auxiliary tests ; 
synopsis tables of sea trials, heretofore given, contain esti- 
mates for auxiliaries obtained in this way. 

In comparing trial performances of the three vessels, it 
has been necessary to convert indicated into shaft horsepower 
for the main propelling engines of the Birmingham, but a 
similar conversion, as applied to the auxiliaries, has not been 
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attempted in any case. While for the total developed power 
of each ship this involves adding shaft horsepower of the pro- 
pelling machinery and indicated power of the auxiliaries, 
which is undesirable from the standpoint of unlike units, 
nevertheless this method seems more satisfactory than enter- 
ing into an intricate calculation as to the relation between the 
two units for each auxiliary, which, however carefully done, 
could only be regarded finally as an approximation. 

Table S gives principal dimensions of the various auxili- 
aries, and it will be noticed that in the machinery equipment 
of each vessel there are several of the same size and make. 
Tests of economy, as a rule, were undertaken only on one of 
each size, but the results obtained are considered equally 
applicable to all of the same size when similarly used. 

The auxiliaries installed on each vessel, with respect to lo- 
cation, may be classed under the following three heads: 1, 
engine-room auxiliaries; 2, fireroom auxiliaries; and 3, other 
or outside auxiliaries. This classification, which is observed 


in listing the auxiliaries in table S, is followed also in the notes 
below, which refer to tests of the different auxiliaries. 


Nores on AUXILIARY TEsTs. 


I, ENGINE—-ROOM AUXILIARIES. 


Main Air Pumps. 

(Tables 2 and 3.) _ 

Table 2 shows the data collected on four tests of the after main air 
pump of the Birmingham. This pump is of the Blake featherweight 
variety, double-acting (both steam and water), simplex type, with two 
steam and two water cylinders. Each steam piston gives motion to its 
own water piston, and the arrangement is such that one half of the pump 
may be in operation while the remaining half is at rest. When cruising 
at low powers, and to effect steam economy, it is customary to use but 
one side of the pump. In tests 1, 2 and 3 one steam cylinder only was in 
use; in test 4 both steam cylinders were in operation at the same speed. 
During all tests the line of piping, which collects the discharge from all 
traps, was open to main condenser; the air pump handled no other water; 
main injection and outboard delivery valves were wide open, but circulat- 
ing pump was not in operation. Pump made full (18 inches) stroke on 
all tests. In estimating and apportioning to each auxiliary the weight of 
steam used on the various sea trials a consumption of 186 pounds per 
indicated horsepower per hour has been taken for this pump. 
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The Chester’s main air pumps are of the Blake, beam, vertical type, 
with two steam (double-acting) cylinders, having a common steam 
chest and two (single-acting) water cylinders. Main trap-discharge 
line was open to main condenser during all tests, as well as main injection 
and discharge valves; circulating pump was not in use. Stroke of 
pump during tests was 18% inches. The same steam consumption as 
stated for the Birmingham’s air pump, per unit of power per hour, has 
been taken for this pump in calculations relating to individual steam 
expenditures of auxiliaries on sea trials. 


Augmenters. ‘ 

For the purpose of further adding to the vacuum produced by the 
air pumps, an augmenter is installed on the Chester in connection 
with each main condenser. When the ship is under way these are 
in constant use, the steam thus expended being practically the same 
in amount for all speeds. Tests in port, with the propelling machinery 
stopped and extending over a period of two and one-half hours, were 
carried out to determine the weight of steam used, the water of con- 
aensation being delivered to and measured in the main feed tanks. 
With an average steam pressure of 184 pounds (gauge) and steam- 
supply valve open to the augmenters the usual number of turns, 
the weight per hour was found to be: Forward, 904; and, aft, 992 
pounds. On (II) steam-consumption trials it will be apparent that all 
steam used by the augmenters necessarily forms part of the measured 
water of condensation from the main propelling machinery. An equiv- 
alent indicated horsepower, based upon a steam consumption of 50 
pounds per horsepower per hour, has been assigned to each augmenter 
in estimating power of auxiliaries on sea trials. 


Wet (Centrifugal) and Dry (Rotary) Vacuum Pumps. 
(Tables 4 and 5.) 

Because of the importance, with turbine machinery, of maintain- 
ing a high vacuum at all times, a wet and dry-vacuum pump form 
part of each main condenser equipment of the Salem. The first mentioned 
is of the centrifugal vertical type, driven by a Curtis 2-stage turbine, 
which is provided with three steam nozzles, each of tapering rectangular 
(0.0375 square inch area at the smallest part) cross section. Two of 
the three steam nozzle openings are fitted with control valves, the remain- 
ing one being constantly open. The pump speed is regulated by a gov- 
ernor, and steam, after passing the throttle, is admitted to the turbine 
through one, two, or three nozzles, as found requisite to handle efficiently 
the water of condensation resulting from entry of exhaust steam into 
the condenser. No power test on this type of pump was attempted. 
Tests to fix steam economy with one and two nozzle openings—discharge 
from various traps only entering the main condensers—are recorded 
in Table 4. It may be remarked here that on all steam-consumption 
tests of the Salem’s propelling machinery, the steam necessary to operate 
these pumps could not well be separated from that used by the main 
turbines; for although proper connections to the auxiliary exhaust line 
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were installed, unsatisfactory working resulted with vessel under way, 
when so operated against a back pressure above the atmosphere. The 
exhaust from each pump, therefore, was directed into its main condenser. 
In calculations relating to power of auxiliaries on sea trials, an equiv- 
alent indicated horsepower has been assigned to each wet-vacuum pump 
based upon a steam consumption of 50 pounds per hour per I.H.P. 
For the removal of air, etc., each main condenser is provided with 
a rotary dry-vacuum pump, consisting of one air cylinder, operated 
by a single-cylinder steam engine. Results of tests of this auxiliary 
are tabulated in Table 5. 


Main Circulating-Pump Engines. 
(Tables 6, 7 .and 8.) 

A compound engine operates a centrifugal pump to supply cooling 
water to each main condenser. These installations on the Birmingham 
F and Salem are alike in all particulars, except that the engine shaft of 
the latter carries a bilge pump worked by a geared crank. H.P. 
cylinder diameter and stroke of the Chester’s engine are somewhat 
larger than similar dimensions of the engine fitted in the other two 
ships, permitting in consequence the development of greater power. In 
all tests the main injection and outboard delivery valves were wide open. 


Oil-Circulating Pumps. 

To insure proper lubrication of main turbine bearings and thrust 
blocks, oil-circulating pumps, operating on a closed system, are installed. 
The Salem is provided with two such pumps in each engine room, but 
under ordinary cruising conditions the operation of one pump in con- 
nection with each turbine is sufficient. Oil is continuously supplied from 
closed tanks installed in the upper engine-room hatches, to the various 
bearings, under a gravity head of about 20 feet, and drained there- 
from to coolers located near the pumps. The purpose of the coolers is 
to reduce the temperature of oil flowing to them, each being arranged 
by suitable connections to the main circulating pumps for circulation 
of cooling water. Each pump has a suction to the coolers with a dis- 
charge to the supply tank. 

The Chester has but one oil-circulating pump in each engine room, 
either or both of which may be used as desired on the oiling system. 
Oil is supplied to the bearings under pressure (about 10 pounds), and 
the arrangement of coolers, etc., in essential particulars is similar to 
that described on the Salem. 

No steam-consumption tests were carried out on these pumps. A 
test, however, was begun on the Chester, and discontinued after it 
became apparent that the amount of steam used under ordinary con- 
ditions of working was extremely small, and could only be accurately 
determined by continuing the test over an abnormal time interval. Steam 
used by these pumps on main steam and coal consumption trials, as 
as well as power, has been estimated from results of other pump tests; 
a figure of 200 pounds per I.H.P. per hour has been assumed in all cases. 
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Main Feed Pumps. 

(Tables 9, 10 and 11) ss 

In the original design, two main feed pumps for each ship, of the 
size shown in Table S, were estimated to be a sufficient capacity to 
supply the boiler installations with the requisite quantity of feed water 
when developing maximum power. Upon official trials, however, a 
maximum speed and power greater than that planned, especially with the 
turbine-propelled ships, was developed, making it desirable, at least viewed 
from the standpoint of safety, to provide an additional feed pump. This 
led eventually to fitting a third feed pump on each vessel of the same 
size as the other two, although these pumps were not finally installed until 
just prior to the coal-consumption runs. In the meantime, and before 
the main steam-consumption tests were undertaken, each vessel was 
provided with a temporary additional feed pump for emergency use. 

Tables 9, 10 and 11 contain results of the various tests carried out, 
the pumps in all cases making full stroke. It should be observed that 
during all tests, in order to assimilate service conditions, the pumps 
delivered water against a pressure approximating that generally carried 
in the main feed line when steaming at sea. This was accomplished 
by arranging the pumps to draw from double bottom compartments 
and redelivering the fresh water to the same place, a valve on the delivery 
side of pumps being regulated to maintain the desired pressure. 


Fire and Bilge Pumps. 

(Tables 12, 13 and 14.) 

These tests were conducted with fire and bilge pumps drawing water 
from and returing it to the sea, under varying discharge pressures, as 
shown in the tables. In all tests, pumps made full stroke. 


Engine-Room Auxiliary Condenser. 
(Tables 15 and 16) 
One cylindrical horizontal auxiliary condenser is located in the for- 
ward engine room of each vessel. Attached pumps (air and circulating) 
are horizontal and operated by a single steam cylinder. 


II. FIREROOM AUXILIARIES. 


Auxiliary Feed Pumps. 

(Tables 17 and 18.) 

In tests of these pumps fresh water was pumped from and returned 
to the double-bottom compartments, the discharge pressure being reg- 
ulated in the same manner and for the same reason as heretofore 
explained under “Main feed pumps.” Pumps made full stroke in all tests. 


Fire and Bilge Pumps (Used in Ejecting Ashes). 
(Tables 19 and 20.) 
In each fireroom there is installed a fire and bilge pump, which 
may be used, in conjunction with a hopper arrangement, for ejecting 
ashes. At such times, to insure successful working, it is essential to 
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carry a comparatively high pump discharge pressure. Tests recorded 
were made under normal conditions of service with the pumps subjected 
to this use, and were so regulated as to make designed stroke on all tests. 


Forced-Draft Blower Engines. 
(Tables 21, 22 and 23.) 

On the Birmingham and Salem the forced-draft blower installations 
consist of six separate directly-connected blowers, two to each fireroom 
compartment, driven by independent, 2-cylinder simple engines. Table 21 
contains data of five tests (one blower and engine) on the Birmingham, 
operating under different steam-chest pressures, free escape of air sup- 
plied the fireroom being permitted through discharge opening of the 
blower at rest. In these tests care was taken to maintain at all times 
precisely the steam-chest pressure tabulated. 

Table 22 contains the results of the six tests on the Salem with two 
blowers in use, under air pressures varying from one-half to four inches 
of water, the fireroom being closed airtight, and escape of air governed 
by opening boiler furnace doors. It was the aim to carry a constant 
air pressure in each of these tests, the blower engines being 
speeded or slowed, as required, to accomplish this end. 

Eight tests on the Chester's forced-draft blower engine, recorded in 
Table 23, were carried out in the same way as noted for the Salem. 


III. OUTSIDE AUXILIARIES. 


Distiller Circulating Pumps. 
(Tables 24 and 25.) 

Two distiller circulating pumps, either or both of which may be used, 
in addition, for flushing purposes, are installed in each ship. Tests 
were with the pumps delivering sea water to the flushing main only. 
the evaporating plant being shut down. With the latter in operation 
it is the ordinary practice to use but one pump to supply cooling water 
to the distillers, while the other operates on the flushing line. 


Evaporating Plant. 
(Table 26.) 

The fresh-water distilling plant on each vessel consists of four evap- 
orators (single effect) and four distillers, having a combined capacity 
of about 16,000 gallons potable water per day. Four pumps are fitted 
in connection with each plant, as follows: Two distiller circulating, one 
evaporator feed, and one fresh water. 

Tests of four hours’ duration were carried out on each ship, with 
two evaporators and accessories in use, the object being to ascertain 
the weight of fresh water distilled per pound of boiler steam used, 
with the plant operating under normal service conditions. The con- 
densed steam collected included that discharged from evaporator coils, 
as well as the exhaust from various (one distiller circulating, evaporator 
feed and fresh water) pumps. 
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Electric Plants. 

(Tables 27, 28 and 29.) 

Each vessel is provided with three 32-kilowatt General Electric gen- 
erating sets, compound wound, of the multipolar type, and each driven 
by a direct-connected compound engine. In addition to lighting the 
vessel, current is supplied for electrical operation of a number of aux- 
iliaries, such, for example, as deck winches, hull-ventilation fans, work- 
shop machinery tools, etc. An auxiliary condenser, similar in type 
to that fitted in the forward engine room, but smaller in dimensions, is 
installed for the exclusive use of each dynamo plant. 

Tables 27, 28 and 29 contain data covering tests of one engine on each 
vessel under various electric loads. Indicator cards were secured on 
almost all tests, but the results from those taken on the Birmingham and 
Salem exhibited such obvious inconsistencies (due probably to inaccurate 
indicator springs or faulty indicator connections) as,to justify their rejec- 
tion. Cards from the Chester's engine apparently give fairly consistent 
and reliable results. 

Tests to establish the quantity of steam necessary for operation of 
the air and circulating pumps of dynamo auxiliary condensers were 
not made, as the steam cylinder driving these pumps is of the same 
diameter and stroke as fitted to auxiliary condensers in engine rooms. 


Refrigerating Plants. 

(Tables 30 and 31.) 

Two vertical, 1-ton Allen dense-air (each having one steam, one com- 
pressor and one expander cylinder) ice machines are installed on each 
ship. As proper gear was lacking for the motion, no indicator cards 
were secured from the steam cylinder during the tests. 


Steering Engines. 
(Table 32.) 

A Williamson steam-steering engine (two-cylinder, simple, horizontal) 
is installed on the Birmingham and Salem.. The Chester is provided with 
a Hyde steering engine of similar type and principal dimensions, the 
power, in all ships being transmitted to the rudder head by a right-and- 
left-hand screw shaft. 

Table 32 gives the weight of steam wasted per hour by the steering 
engine of each ship (due to leakage) with throttles open (change 
valves in midposition) but no movement of the engines. Results are 
also tabulated (main propelling machinery not in use) when helm is 
slowly shifted, at precisely two-minute intervals, 3 degrees to star- 
board, then the same angle to port, and immediately afterwards brought to 
rest amidships. 


— 
i 
ag 2 


w 
2 
> 
Oo 
=) 
n 
4 
< 
= 
a 
= 


| 

| af 

| 


axons; “JOB 


Jo 


Jo 


“URES 


| “1918 


Jo 


| 


| 


aiqnog 


xopduays 
Wiuozjiog 


Xo] 
xajdnp 


sduind q d 


| 
| 
sduind | | 
‘sdumd | 
pus Arey | 


sduind 
sduind paaj aasasey 
sduind 


umnoea 19.4 


Y 


"101191 
eoynuepy 


fo suoisuaurp AAV, 


788 
a |: = 
| 
ig BES i he gi; 
g : i : 
ass 
| E 
| 3 
| 2 
| 
= 


CRUISERS. 


| 


=) 
° 
n 


“pauyquioo 
xajduyg 


at 


COMPARATIVE TRIALS OF 


‘panunuoj—'s 


7 
— 
| s a = an 
| 
} = | . 
| 
| 
a 
| | | aa ae | 
| 
| 
| av 
| g: ‘ae 
| | & a: | 
E | Ree | 
2 | Ree 
s 
| <a a Q 
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2 U.S.S. BIRMINGHAM 
SEPTEMBER 26 19086. 
or AIR PUMP 
WAM STEAM CYL 
WATER CYL BLAKE DOUBLE CYLINDER SIMPLEX 
PISTON ROD WITH INDEPENDENT STEAM CYUNDE! 
STROKE 


| 


STEA 
PRESSURE 


| 
| 
| 
| 


CONDENSED EXHAUST 


BACK PRESSURE IN 


| 
| 


OF T 


AUX. _EXH LINE (GAGE) 
WEIGHT 


STEAM CHEST 
AUX. CONDENSER 
INCHES IN TANK 
WEIGHT IN 
EMPERATURE 


VACUUM 
PERI HP 
IDURAT 


| 


200) 210 
1210) 235) 


12301265) 502295 ie: 24/1621] 40, | 
1240 234° 502295 268 557) FULL isa 
1250 250) 50.23 6 280. 


1007 252. 50 23 '5 "277, 38) 38] Vacuum in Main Condenser 


lal INTERVAL 


30M. 21S. 


10" 250. 50 123 278° | 3.9) Unches of Mercury) 
_ 50) 123. 5 
250 5023 5 280. 
243 22354 2639) 
"250/250, 43265 212 16 | 34] iol 
43.235 (2027/16. 33) 1907] 401 922 
__320 250, 43.23. 5 1195! 4] 411221440 | 1134162 
3.30, 250) 45.235 


45 23 5 T2187 Vacuum in Main Condenser 
350/250. 45.235 207, 3. 
400) 23. a8 219 
410/250) 4523 5 
«250 44235 21| 
540/250) 4321.5 144195) 25.1 
600/250, 43/215 142) | 277 71352 26.45] 40! 
“610/250, 42/215 1193’ 29] 73940 2546 [Fur] 1134/63 | 
620/250 141 203’ 29 
630) 250. 1144 J 
6.40) 250. 42 15, T1447 119) Bl Condenser 
250" 42/21/5143 291 
710/250, 42/215. 
“4 
250) 1437 
140/250, 42/2175. | 146) 
250 42:21 5 143) 
805 250 43.23'5, 
615/250) 43/235 (266 | 
250, 43/23/5. 1269, 5, 741" 62939 | 636 | 30] 
835/250, 43/23'5. 272) 8] 637 | 40] 
845/250) 43°23 64546 | 1.30/ FULL! 1130] 


Vacuum in Mam Condenser 


1862 
He 


225. 


9m 405 


5247 


2 Hr 


OWr. 40M 465 


*Forward cylinder not in operation during these tests. 

Both cylinders in operation but only one indicated. In calculations, each c ylinder has 
been considered as developing equal power, and the total (both cylinders) power is entered 
in I.H.P. column. 
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TABLE 3 V.S.S. CHESTER. 
OCTOBER 3 1908 
TEST OF AFTER MAIN AIR PUMP. 
DIAM OF STEAM ' 


CcYLS 
TER $ 3s BLAKE VERTICAL TWIN BEAM 


PISTON 5. 2 
STROKE, FULL 21", on 


STEAM 
PRESSURE 


CONDENSED EXHAUST STEAM 


CONDENSER 
AUX. EXH. LINE (GAG 
REVOLUTION. 

OR DOUBLE SrroKes. 


IBACK PRESSURE IN 


PER 


© 
Hr. 42M 28M. 52S.JOHr. 35M. 39S. DURATION OF TEST 


[steam CHEST 
[ACUUM 
INCHES IN TANK 
WEIGHT IN 
EMPERATURE 


7 Vv 


w 


_[TEsT_No. 


ST No.2 


oc 
jn 


| No.3 
o 


Hr ISM. 4358. 


Test | Test 2 Test 3 Test 
Vacuum in Main Condenser 23.1 2i 18.1 14 


Gnches of Mercury) 


791 
MEAN 
PRESSUR 
TIME 
2 
10.40 130 
10.50] 115] 104} 
1100] 105| 95/10 
| 
[00/200] 591016] | | | 
15.12| 20| 457| 72 
g|_2.40|200] | 96/273|300] 76} 315431 13.0 1137? 
250|200| | 97/273/303| 29 
+ 3.00 [200] 58/10/55] 96/273/297] 76 lo 
C310 200 16. | 96) 18 
320 [200] 2651300] 76 
Avenace | 200] 56/10/58] 9.6/273/302] 7.6] = 
51 


TABLE 4 
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U.S. S. SALEM 
OCTOBER 9- \908 


TEST OF AFTER TURBINE WET VACUUM PUMP 
VERTICAL 2- STAGE WELL 


DRIVEN 


2-STAGE CURTIS ‘TURBIN 


4 
m 
> 
z 


EXHAUST STEAM 


| | PRESSURES | CONDENSED 
TIME | w o Z time Fiza|5 
440'250 180) 5/16 20,15 516 1238] 44000) 60. 
("450/250 2207 1332] 2205) 62) 
5.10 200 515 7547 1313) 
530/250 185 5 14/20 15 555) — 
(540/250 130) 15 20/15 533 | 1279] 
550. 190, 4 147 1306] ° 
600/250 225,10, 15/2015 546 1310) 
| 6.101250. 1907 4115120715 555. 1332! One nozzle to Steam Turbine 
620/250 220, 516 2015 556 1335} = 
Fl 630) 195. 3/17) 53611315) 
[640/250 200" 4719/20/16 1320) lg 
(650/250 205 4 19/2017 1335 jo} |= 
Avene 249 199 5 16 19115 1314 
"1201250 160 22, 5.10 5.540, 1296] 20:00) 
| 730/245 135/20) 4:10 6 547 1313) 73458) 1658) 206!) 
[740/250 160/20) 7/10] 5542) 1301) 
750/240 155'25| 6110) 6/541 1298}- 
[600/245 160/25, 6 /§32/ 1277 #0919 é 
3/810 18025. 7/10 6 534. 1262 
245 145/20, 6710 6/546/ 1310] 
830/250 | 148/20) 5/10) 6 [545 1308] Two nozzles to Steam Turbine | = 
2 145/25) 6/11) 5/520] 1248] open. 
~ 900/248! 130/20] 6/11) 6/530) i272 je 
Avensse 247) 150/22) 6/10 1292 - 
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TABLE 5 U.S.S. SALEM 


OCTOBER 3 1908. 
TEST OF AFTER DRY VACUUM PUMP. _ 
DIAM OF STEAM CYL 10. 
ATER 

SURE, CONDENSED EXHAUST STEAM 


PRESSURE IN 


AUX. EXH, LINE (GAGE) 


EVOLUTIONS 
NTERVAL 
EMPERATURE 
EIGHT 


= 
PER LHP. 


Hr. 42M.05S.JOHr 49M. 30S 


STEAM CHEST 
CYLINDER 

INCHES IN TANK 
DURATION OF TEST. 


VACUUM, 
CONDENSER 


| 


410.45) 240) 85 
10.55/240| 83 
11.05/240) 65 
84 


4 49. 
|. 193/608] 215} 
[ 19. "468 25031 9591 401 S21 
1125)240| 67 | 193/602] 49 34:30] 9: TT FULL 1133 
11.35)240| | 193}610| 503 
Average | 240) 85) | 192/601) 49.3 
236 16. | 21.3) | 
135/241 10 16, |2181776| 464 
145/241 10/6. | 213/632! 46.1 | 
155] 242 | [6 [215/604] 461] 258) 
2.05| 242 6 487| 268 
Avenace | 240 6. 215/601, 468) 26.1 
2.15) 241 5.| 18 
242 55] 173 5] 145 
241 15 145 
240 6 136 
240 6 6| 441| 140 
[240 6. | | 143 
241 75\10 142 
241 | 70/10 17. 142 


nin BAck 


ala 


TEST NO.2 | TEST NO.\ 


48 S. 


Hr. SOM. 


{| TEST NO3 


= 
7 
793 
a 
| 
TIME 
| | 
2 
| 
— 
[76 
[78 
78 
aT 
= 9 
7 
| 7 
9| 
= 
a 
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TEST OF AFTER MAIN CIRCULATING PUMP ENGINE (COMPOUND) 
OAM OF CYL 


U.S S BIRMINGHAM 
SEPTEMBER 29- 


Time 


(GAGE) 


v 
4 
> 
VACUUM 


CHEST 


BOILER 
FORD CHEST 
AUK_EXH LINE 


CONDENSED EXHAUST STEAM 


245] 
125/250) 
1.35! [250] 
145/ 
1551250, 


|g 

2 

3 

< 
|2 
< iv 

3 | 
| 
10! 232/ 60311 1.1] 485 
[1012441 613/103) 493 


| 10) 2447 596) 11.11 508 | 
| 10] 240/6031105! 490 
101236 578/106 472 


TEST NO 4 


Averace 


10/239 539107 489 


T T T 

Time | sr 

oF 
z 
lOBSER VAT: < 
| 5 ios 
11500) ™ Ss 


1741397) 50, 207 
1721396, 49) 20.4] 
8] 176/418) 22.1 


1747383) 208, — 
| 178/398) 55) 21.9 


8/ 174/383) 
8| 180/408) 57] 22.8] 


| 8] 178] 398) 225) 


13107] 847 | 20 92! 
1.3959) 652 | 30) 92, 
1:4835/ 636 | 40! 39197 92) 
_1:5625/ 7.50 [FULT 1130) 92. 
6:10.00 92 
22 2646/1646 10) 216) 390) 
_2:43:36/16.50 | 207 453) 66 


25854/1518 | 30) 658) 
3:1349/1455 | 40) 922! 88 
— 5283311444 [Full 1134) 


+ 


+ 


16 63) 


| | 1761395] 551 21 
Averace | 250 1771397) 54) 
350/250] 32/30) 


19, 65] 
110) 218) 17) 63] 
Tito! [213] 6.4) 


| 108/213! 16" 60) 
20g! 14; 


[6] 108! 21.0) 14! 
6/110] 183! 29 56) 
110/208) 60] 
|e] 108/219] 13] 5 


35000 


41440'2450 | 2171 66) 


-4:473113251 | 20) 453) 66 
~52450/37.19 1301 688! 66 
601 43/3653 | 922! 66 


10/213; | 4 
10/212 16 60 
8) 64) 1.0) 


13} 


-£:20001 
7:05:34 ST 37! 94) 
7303525, 1) 10) 2177 64) 
61838 | 15) 336! 66 
| 8:5453/3615 | 20] 452] 
3261173116 25] 


NoTE.—Main injection and discharge valves wide open during all tests. 


PER 
DURATION OF TEST 


WEIGHT 


33.5 
4) 25S, 


1637.0 


335 


TEST NO 3 


| 


[_TEST No. 4 


~ 


794 
PISTON ROOS 1% 
STROKE 6 
+ V2! 30 
1105/30) 5 
1105] 30 
1105/30 
102/30 
249711044 30 
|_ 210/250) | 65/30 
|_ 220/250] 60/30 ‘ 
| 230/250] 65/30] ‘ 
240/250! 58/30 
250/250] | 58/30] 
|_ 300/250] | 58/30 | | v 
oo 
I 
| 
440 | 250) 
|__ 450 | 250! | 
3.00 | 250 | ee 
| $10/250) Be 
12 250! | 
2 | | te 
Fr 550/250) = | 
|_ 610] 250/ 2 
: 630 | 250 33/3015 
: Averace | 250 | 322330 5 ie 
250] 14/30/5 | 
250] 14/3015 | 10) 
> |} 250] | 8) 56/1101 09 16 ls 
850/250! 22/30/5 | 66/144) 10) 24 | lg 
230/250) 15/3015) 8) 58/119) 17 
Averace! 250 5730/5 8) 16 ed 


aim coe. ion or Teor 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 795 


TABLE 7 


TEST OF FORWARD MAIN CIRCULATING 
(Two CYLINDERS COMPOUND) OCT. 6 1906 
DIAM OF HP CYLINDER 68 
PISTON RODS 


SALEM 


STROKE 


‘| STEAM 
| PRESSURE 
GAGE 


CONDENSED EXHAUST . STEAM. 


PER HOUR 
Les 


= 


EXH, LINE (GAGE) _| 


ISCHARGE PRESSURE. 


CK PRESSURE IN 


BA 
AUK. 


VACUUM 


LP CHEST 
AUK. CONDENSER 


HP. CHEST 
Brevowutions 

| OR DOUBLE STROKES. 

INTERVAL 

INCHES IN TANK 

IDURATION OF TEST. 


pe 
315 (240) 50 12! 10 16.17; 5 


328 {240} 50) 10} 5652/2535! 10 
3351240) 48) 11) 5 
3.45 (240) 67| 10 07 25 
355 (240!) 46] 11 
40s |240| 11 
415 |2a0| 45 12 
425 (240, 46,12 
43s |240| 
445 |240| 12 
455|240| 45] 11| 10! | 20 
505 240) 45, ii 16. 11.6) 26 
Avenact 240) 46) 10.4) 25) 36 

650 |246| 81/17 
7.00 |240] 86, 18 22.6) 65 610 
7.10 |2a1| 18! | 
120 80) 17! 22.4) 
730 16! 23.1 
740 75, 16 | 10, 75020] B30 
150 |243| 17 [157.4253] 158101 
600 |245/ Bi 18 | 157.7/25.1| 17] 61433] 726 
8.10 |243! 88 10) | 721 17. 
(242) 10/6 | 1551/2537] 69] 159) 

840 |240|180) 44 | | 
850 |250|170 43 827): 
900 |240|1 701 42 l2762163. 

43 7|_ 12758635] 208) 810 


> 


24M. 33S._ 


VHr. 


TEST NO 3 


+5 1019 10 
30520] LTH 116) 10. 


OHr 25M. 205 


2301200 31500] iat 
2351200 _| 
245) 180 | 41451753) 295, 
57 114 
236] 193 4062/6 1.0)/29.416 1.6} 921.2 
4:5 
26:3 
330:10 


16M 37S 


= 


19) 


TEST NO. 4 


OH 


1:37 i 


Norr.—Main injection and discharge valves wide open during all tests. 


= 
— 8 
TIME 
2 | 
64) 
| “66 63 
| 20g 60) | | 
= 
= 
= 
[asa 
566 
[er 
| 707, 7) 
| Sod 71 
|) | 
96) 
= 208 96) 
|| 437, 100 
| 56a 104 
57-45] 230 36 | 784105) | 
é 2.33) 40 | 105! 
5) 
5) ™ 
915 
925 
: 
| 
| 
o 


TABLE 6 


TEST OF AFTER MAIN CIRCULATING PUMP. (TWO 


COMPARATIVE TRIALS OF 


‘DIAM. OF HF CVLINGER 


SCOUT CRUISERS. 


U.S.S. CHESTER 
OCTOBER 2 1908. 


CYLINDER COMPOUND). 


- 
- PISTON Roo. 
STROKE 
EAM = MEAN 
SS URE PRESSURE CONDENSED EXHAUST STEAM. 
TIME =< |rime —% 
|_ 440/210] 125) $0] 10/55} [23091 765/331] 456) 18] | 
450210] 120] 50/10/55] 1540} eo] 
5.10 | 198 150} 50} 6. (2320) 750) 227) 1322 
Avenace|206| 128) 50/10/57] 
530| | 100) 35/10) $3000] | 7s] | 
| 550 | 180] 35/10] 6. ie87/67. (205) 880 
600/175] 100] 35] 10/7. 1903, 708/193) 892 76) 
F lAverace 100] 3511016, 1869, 68.3|200| 870 
620 |180| 75/25. | 10/65 | 620:00| 115) 
630 1453)356| 1068) 356 16] 
;| 640/170} 10} 6. 1454) 36.0| 35.4§-€555| 1125! 50 | 76) 
700/180] 75/25. | 10/55} 370 
|10/65| _|1412)400) 110) 388) z 
wl 720] 10/55] [14381350] 93) 330 3 
Averace |174) 73/239] 10/60] 37.0 = 
7.45 |230|_ 35/125] £4590 
215 1 
755 [260] 351125] 1016 156) 41 sasselssast 
7.34) 25 | 513 
8.05 |240} 33/125) 10/6 | | 76 1808] 30 | 608] 61 
8.15 |225) 35/125) 10/6 | 2 | 762143) 45 17.18] 35 | 608] 62 
825 [235] 35/125] 10/6. | | 761 
835 |235| 35/125| 10/6 | + | 7631145] tol 97 
845/235] 35/125/10/6 | = | 766 
g|_855 |235| 35/125] 10/65 154150} 97 
905 [225] 35/125] 10/6. 
[915 [230] 35/125] 10/6. 65| 6 
925 [23s] 33/125} 10/55] 752 
935 |230| 35/125] 10/6 758 145| 85 108 
945/225] 35/125] 10/6 760) 
[Average [234] | 64 93 | 


Notg.—Main injection and discharge valves wide open during all tests. 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 797 


TABLE 9Q U.S.S BIRMINGHAM 
OCTOBER I2- 1908. 


TEST OF MAIN FEED PUMP IN ede ~ ENGINE ROOM 
DIA M. OF cYL 


. PISTON Ri 
STROKE 00 

| | CONDENSED EXHAUST STEAM. 

«| = | 2 | oF Zle | 

S| 2 2 | | & 

| & 8 | | = z 12) 

—'™.605 1195 | 200/26 6 200 50/1068 70.3} 605:00| ™ 5. 

620 121020026 1, 200 50 110 

1200 198126 63 200 501008664) 61634255. 40] S14 114, 

6:19:32 258 FULL =) 

643 |225| 195/266 20032 |116 | 489} 643001 

"6.48 1225190 26 6 200 30/120, /474} ©4644, 36. 

1225 | 185126 6, 1195 30/116 | |S 
Z |225/ 175/266 225 30/114 4351 a0) 9181 96) = 
103 (225 | 1751 26/6 (225 30/115. 358 11347 
7008 (225/175 266, 225301116 [458 + 
122518312616. 3011161 464 lo 


ure 


. 
— 
— 
i 
{ 
} 
it 
| 
| 
| 
4 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 10 USS. SALEM 
OCTOBER 7 -1S906 


STEAM 
OF PISTON ROD. 
DIAMETER WATER CYLINDER 


TEST OF (AFTER) FeeD PUMP (BLAME SUAPLEX) 
2 


is” 


CONDENSED EXHAUST 


AUX. EXH LINE. « 


IN 


DOUBLE STROKES 


DURATION OF TEST. 


STEAM CHEST 
OF PUMP. 
VACUUM 
INTERVAL 
INCHES 
WEIGHT IN 
TANK LBS 


_]_ 22000 
9 | 23005|1005 | 10 
208 | 6.15 | 438 

5 435/129] 20.1 24308) 

30012451 1651101551 1173] 212} tae S08 

|__320 | 235.) 200 | 10/7. 

3.25 | 230] 200] 10/65) 24 | 3:24: 10 

3.30 | 240] 10/55) 232 1249) 36.1 | 

3.351 25012101 10165] 1300) 22415] 438 670 

245/205 10/55] 1288) 43.7 | 33035) 420 

| 241 203 | 10/62) 248) 1279 
415) 230/215/ 10/7 
230! 216 10/8 [34 112301550 | 3.21 
10/6 | 35 | i252] 577} 

430] 220] 215] 10/5 | 356| 1200| 56. 
205] 185) 10/7. | 338) 1113 
4.40 | 200) 165/ 10/5 46) 

4.45 | 205/205] 10/6. | 278/ 1170] 428 

wy 455] 215! 10] 1396 | 1080/ [3.03 

500 | 2201/10) 561] as 256 
| 216/211 | 10/62! 343/ 1170) 528 | 302 
F005) 250, 11/6 10:05:00 

| 10.15| 255) 245/ 11/6 rasa} 1240) 14.) PLOOT2I) 

1025] 260] 245/1116 | 1193) 72.) 251 | 

10.35 | 240] 11/6 | 4471/1193] 702 

251] 240) 1116. Tass 1209] 721 

747 


20 | 437 


OHr-22 M-575S. JOWr-37M- 475. 


I=| 


in 


4185.6 
Or 40M. OS. 


|> 


14385 
24-M. -30S. 


233 
149 | 20 
| 236 | 30 
2.35 | 40 
2.40 | FULL] 


TEST NO 4 
3446-7 
O Hr. 


10.457 2507 2207 10/6. 
10.55 270) 225! [336] 1020 | | 3.25 
11.05] 250| 220] 10/6. 1298 | 5396 
| 251] 005] 1016 312 


17M; 129 


TEST Nas 
3934.9 


lo 


NoTE.—Average Guten pressure of pump in all the tests was about 
300 (gauge) pounds. There were, however, violent fluctuations of the 
gauge pointer, the limits usually being about 275 as a minimum and 325 as 
a maximum. 


STROKE 
STEAM | MEAN 
PRESSURES PRESSURE, 
R HOUR 
LBS. 
zx 
Hee 
Sle 
2 | 
8) 
7) 
| | 


TABLE 


TEST OF MAIN FEED PUMP. (AFTER) 
DIAM. OF STEAM CYL. 


STROKE 


WATER 
PISTON RODS 


U.S. CHESTER 
TOBER 6- 


1908 


ST 


EAM 
PRESS 


CONDENSED EXHAUST STEAM 


SE 


IN 


CON 


PRESSURE IN 


EXH. 


ISCHARGE 
PRESSURE. 


[PM 1.45 


| 205 | 
2.15 


155) 2% 


VACUUM 
BAC 


a 


INCHES IN TANK 


INTERVAL 
TANK. LBS. 


WEIGHT 


Bz 


WEIGHT 


DID 


AvEeRAGE 


209 | 


PER LHP. 
Hr 28M. 317 SHIDURATION OF TEST 


2381.7 
131.6 


_ 230 
2.40 


200 | 
200 | 
215} 


165 


TEMPERTURE. 


185 |25 


130/25 


AvERAGE 


205 | 


187/23 


i282] 412 “47 18] 


eo 
3229.4 


774 


_3. 10 | 
| 
“330 
3.40 


= 


EST NO3ITEST NO2 [TEST NO! 


[275 
265 | 
270 | 


Is. 34 | 34 


255) Ts] 230) 33. 60.4] 


255 [290] 33. | 14) 61.2] 


250| |S 32 | 1355! 


eo 


Oho 


| AVERAGE 


270 


254)  |55/286) 33. 11362) 59.6 


~ 33830] ~$99 99) 


80.0 


OHr. 28M. 30S. 21M 02S 


TABLE 


12 


U.S.S. BIRMINGHAM 
OCTOBER 10- !908. 


TEST OF — = ENGINE ROOM FIRE ng BILGE PUMP ENGINE 


STEAM CYL. 
WAT 
PisTON RODS. 


STROKE 


STEAM 
PRESSURES 
GAG 


IN 


CONDENSED EXHAUST STEAM 


| 


| 
| 
| 
| 


AUX. EXH. LINE (GAGE)| 


OR DOUBLE STROKES, 


STEAM CHEST 


VACUUM 
AUK CONDENSER 


BACK PRESSURE 


CYLINDER 


DISCHARGE PRESSURE 


INTERVAL 
INCHES IN TANK. 
WEIGHT IN 
TANK LBS. 


R LHR 


PM 5.40 | 
550 | 
~ 600 | 
620 | 


140 
420! 
11307 
125) 
tres) 


uo 
REVOLUTIONS 


| 
30/55. | 
70/3, 16/30/55 [346 
“7513, | 
7513. 16. [30/55 


40 | 92 
oF T1820! 630) 1136) 


61000) 
62502| 1502. 
6:41:04] 16.02, 
6:56:52 | 1546. 
10950] 13.00 | 


aa 


120 | 
120 


T1003. 
100/ 3.17. 145/54, | 
95/3. 17, 145/54. | 
100.3. | 7 54. 


(72,45 532 11) 


DHr 35M. 55S.f)Hr 8M. 20S 


950 


[14st 45 


"5013/6 |15/54 (228) 58 
“50/3. [15/54 


ts. | 


56 


30 


9:26:43 
37:35 | 13.52 | 569 


= 
— 
= 
a 
2 
— 
ull 
Zz DOSE RVATIO — 
2 | 3 | i 
= 2601 140| 91 | 11.9) 20782] 855 40 | 
19/6, 13. 1064 161) 21337] 545 |FULL] 
270! 24) 3511 301 6661 
[265] 24.57 | 40] 921] 
3.44/FULL| 1132 
3:10:00 | f 
31755] 755 om | 
32329] 554 1132] | 
- 
: | 
| 
| 
| 
BS. | 
— 
2 DESERVATIO | 
65. | 30/1375) 97 | 
65 30/55 1359) 93 216) 
450 
9 50, 687 
| 
10. | 
650 | 97 | 
| 145| 80/5. [301 55. |389/100 
|_7210 | 155/100] 3. 17 30/55. [419]108 isis! 
[720 | 180) 65/3. 130/55. |366/ 94 
140, 62/30) 59. 3 eat Bee 
750 150) 418| 98 T5Q00/ 10) | | 
00 140 45.7/11.6) 75459) 495) 97) 70) | 
6:00:41) 5.461 216) 70) 
| B20 45. $87) 4501 
o:19:35| 653/ 25] Seal 70/5 
Average | | | 6:25:55 | 620 | O| 
615) 5) 97) 70] | 
155 659081053) 216] 70) | | 
930 | 150| 45/3 15/54. [21.3] 
9401150) 45/3 15/54. (24.3 ° 
148 | 4618 | 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 13 U SS. SALEM 
OCTOBER 7-190 
TEST OF antes R ENGINE RO BILGE PUMP ENGINE 
EAM 


WATER 
PISTON RODS. 
STROKE 12° 


STEAM 
CONDENSED EXHAUST STEAM 


AUX. EXH LINE (GAGE) 


Time 

OF 

OBSERVATION 
z 
= i 
6:4500| > 
13951 13.4) 25 7:96:30 | 21.30 
10|407/ 14.3) 27) 21.20 
11.91 224 74016 13.26 


10/6. | 10/426) 24 [1416 
1101 40.0/ 28 @:10:2511453 


408) 2.5} —S26101 15.45 


11016. |10 0/481 | 13. 
10/473/ 14. | 3 
46/10/55) 10/353 

50/106 110/457) 29.28 


LBS 


BACK PRESSURE 
OR DOUBLE STROKES 


CYLINDER | 


DISCHARGE PRESSURE 


STEAM CHEST 
REVOLUTIONS 
INCHES IN TANK 
WEIGHT IN 
DURATION OF TEST. 


INTERVAL 
HANK 


VACUUM 
CONDENSER. 


EMPERATURE 
WEIGHT 


> 


© 


10/5. | 


|r 


41M 


| AVERAGE | 49/10 56! 130) 26 
645 |240| 50/10/72 120] _ T 8:45:00 | 110 
855 | 237). 5511 10, 7. [20] 3" 374) 4 18.171 10 296 70 | 

("9.05 5110/7 [201 382/211) 2200012449 | 20 459170) 


aN 9:51:52) 23.51 | 
[242 | 20/ 372/200 10:15:38 [23.46 


240 | 20/ 419/214) 42 + 
2013921 10:34:50 | 19.12 70 
| (20) 410/215) 4.1] 
{240} 60/10) 6 |20) 3671195) 35] 
+ 10.05 | 240] 20) 140912 1.0) 40] 
210.15 55/107 |20 13101180} 
1025 1243, 5510/7. 42| 


49m SOS. 


10.35 241 | 

Avenact 24) 10 66 20 | 397/204) 38 

[10.§ ho; 6. 413 {seu 7 1:32 | 16.32 

90/10/72 400/36. | 68) 1 


11.45 6 41.0 7.4] 
11.55 85/10) 5. | 40) 360/383) 65 
w/i205 | 250 10/6 395] 69 
12.15 
Avenace | 241! 10/59/40) 40.3/37.3| 7.0 


1 Hr. 


34m. OS S. 


800 
| Time | | 
| « 
| 
| 
a | 
6.45 [242 | 
| 655]  _| 48) 
705 |205| 48) | 
a8) | 
7.25 | 240 SO} 
745 | 240| 52 
755 | 242 | 
w|_815 | 230 | 
+ | 825 |240| | fj 
aac 
|= 
| 
| 
| 68 
20 | 439 
30 | 673 | 68 
| 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 14 


TEST OF FORWARD ENGINE ROOM FIRE ne BILGE PUMP. 
DIAM. OF STEAM 


WATER 
PISTON 


801 


VU. S. CHESTER 
OBER 1908. 


CHEST. 


CONDENSED EXHAUST STEAM 


OR DOUBLE STROKES 
CYLINDER | 


iACOUM. 


BACK PRESSURE 
AUX.EXH. LINE (GAGE). 


REVOLUTIONS. 


INTERVAL 


IDURATION OF TEST. 


PER LHP. 


WNCHES IN TANK. 
TEMPERATURE 
WEIGHT. 


105500 


wo} 


og 


1059:20 


+— 


110645] 


11:17:40 


Mirir 


| NO} 


11:34:12) 


11:26:43 


Hr. 39M. 12S. 


CONDENSER. 


PRESSURE. 


101 


3 


20/596] 333 


20 


57.3 | 30.4) 


30 


6. 
6, 
6 
6 


6:50:00] 
57.6) 365 | 


20/565) 305) 


240 


80 | 


21153 


1016 | 2015481295) 


| _750/235 


79/1016 


201545) 298) 


225 


80) 


10/6 | 20/545) 30. | 


Th NO. 2 


80 | 


| 20/543) 31. 


65 | 


10 }6 | 20) 56.1 | 31.4) 


24M, 32S, 


56) 


106 


82500] 


845/240 | 10/6, 
855/250 | 56/1016 | 20) 140.1 123.0) 43) 43) 


5. | 20) 40. | 


3.05 


ST. 


15257 
[16.35 


= 


+—~ 


[20] 


915/230] 56! 


9251230] 56| 


10/5, 


5 120/392 |208) 38 
10) 155) 408 | 


20) 


10 |5.7, 20, 40.3 £20) 4\ 


OSM. 


Averact,|236| 56) 


710.101 245 | 


1020/255| 60. 


_ 5/5, | 15) 


248) 65 


{6. (547/263) 67] 
6. | 15/568] 238) 


| 
j 


VO:1545 | 83420 | 


102536 | 931) 


457) 


[243] 19 


5156 15} 55312501 66 


148 
45M. 36S, 


S14) 70) 
| 


TABLE 15 


U.S.S. BIRMINGHAM. 
OCTOBER 13-1908. 


TEST OF es. & PUMP. 


RODS. 


MEAN 


CONDENSED 


EXHAUST STEAM. 


SER 


_CON 
CK PRESSURE IN 


VACUUM 

AUX. EXH. LINE (GA6E)| 
REVOLUTIONS. 
CYLINDER 


BA 


INTERVAL 


TEMPERATURE 
TION OF TEST. 


WEIGHT IN 


+ 


NOt} inditated. 


i 
5 
2 
STROKE 2" og 
PRESSURE 
| 
| TIME TIME 
11.05) 205 [S42/ 471| 120) 10| 219] 70) 
111512201120. (55. | 533] 137] | 20 | 457 70 | 
1125) 225 | 122 | 498) 126] 855 
11.35} 225 | 125 55.1| 568] 145) 8.55 9 
7mm 245| 62/10| secs 
Averace | 232 83 — 
20/40. 1223 42 Lozi 72) | 
13:45 339/72] | 
35000 10.00 5 | 102] 710) 
Z 1.41) 10) 219) 70 
WATER 10, 
PISTON th } 
STROKE 12" 
STEAM | | 
PRESSURE | 
| TIME 2 
510 | 50| | 544222717 | 20] 450 | | 
2! 540] 170] 70 gol | 
| 
' 


*COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 15 US.S. SALEM 
OCTOBER i2-1908 
TEST OF ER. AUX. an & PUMP 
STEAM 
WATER 
RODS. 


CONDENSED EXHAUST STEAM 


NSE 


DURATION OF TEST 


TIME 


#1027 | 


1037| 
200) {79} 


CON 
BACK PRESSURE IN 


EXH. LINE (G 


VACUUM 


> 


| 


WEBREVOLUTIONS 
CYLINDER 
b INTERVAL 
WEIGHT IN 


39M. OS. 


266.1 
166.5 
thr 


TABLE 16 U.S. S. CHESTER. 
OCTOBER 8- 1908. 
TEST OF AUXILIARY GONDENSER AIR AND CIRCULATING PUMP. 
IAM. STEAM CYL. 


WATER 107 
PISTON RODS. 
STROKE wz 


— 


ad CONDENSED EXHAUST STEAM. 


STEAM 
RES SURE 
GAGE 


£ 


| 
JJOURATION OF TEST. 


TIME 
RVATION 


0000 
3:08 
28: 8:42 [15.3 


REVOLUTIONS. 
CYLINDER 


CHEST. 
nll BACK 
AUX. EXH. LINE. (GAGE). 


a 


IN TANK. 
TANK. LBS, 


175 | 102/22 

175| 100 [22] 

195| 98/21 

195] 100/21 | 

225] 100/211 

189) 100./22. 


22M. 35S 


802 
TEAM => | 
PRESSURE 3| 
GAGE 
| | 
| od 3 le | 
a 
 lAveract |200] 10) 448) 21.8 | 1.6 | 
| 
TIME | | E 
= | | = 
7.10 | 185] 100|22/5. [60 | 466] 47 6 | | 
720! |100| | |608] 500] 49 | 219) 7 
-[ 7.30 339] 72 
1.40] 4374 
150] 574 
$0) | 689] 72! 
820 sis 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 17 U.S.S. BIRMINGHAM 
SEPTEMBER 29-1906. 
TEST OF AUXILIARY sfEED rump. 


wate RODS. 
STROKE 


PRE SURE CONDENSED EXHAUST «STEAM 


OR DOUBLE STROKES 


AUX. EXH. LINE. (GAGE) 


DISCHARGE PRESSURE 


REVOLUTIONS 


STEAM CHEST. 


[10.30 | 250 
| eso | 50 [3 
(10.50 | 250 


> 


1.00 [250 | 

11.10 | 
[11.20 [250] 165 
11.40 |250/ 165 


| 11.50 |250] 165 | 


| 


>| > 


lw 


45™. 445. 


1341 


Averace 1250 | 156 


TABLE 17 U.S S SALEM 
OCTOBER 10-1908 


TEST OF FEED PUMP FIRE ROOM 
AM. OF STEAM CYL o 


ATER 
PISTON RODS 


STROKE 


STEAMS 
PRE [a 


= 
> 
z 


CONDENSED EXHAUST STEAM 


Ss 


TIME 
OF 


AUX. CONDENSER 
BACK PRESSURE iN 
AUX. EXHST. LINE Ged 
OR DOUBLE STROKES. 
INTERVAL 
INCHES IN TANK, 
WEIGHT 

RATION OF TEST 


REVOLUTIONS 


CHEST 


TEMPERATURE. 


w 
Be 
| 


lo 


‘a 


= 
| 


nv 
> 


34 [1593/2045 7:35 
34 
100, 35 — 9010 
25 1154. | 145] 


| 


—| 


TEST NO. \ 


O Hr. 47M. 40S. 35M. 10S. 


TEST NOZ 
8 


onion 


aio 


t 


| 


TEST NO.3 


8 


OHr. 15 


03 | 
6 
. 
| | Time 23/6 
ls Z oF z z 
53 | 2 RVATION 2 
10201250] 150 130m 795 
| 06) 1720) 10) [ga] 
(228.144 | 104. | iostos| 20] 4581 6 
Zz 3015. 138 [114 
30 130 m 
30 (5. [327/132 [1125 
30/5. |3i0] 144 1155 
wif 12.0 5530/5. [310] 118/116 
30/5 [310] 122 16. — 
— 
4 
TIME 
— 
mM. 7.15 | 260 
(735 [265 | | 
755 | 258 | 250 | 
Avenace | 261 1258 |FULL] 1118 | 66 
80 
_206 | 80 
| 439) 80 — 
S72 | 79 | 
905 | 73} — 
[25 85740] 1030 | 120 | 79] 
25 1522/1403) = 
|__905 | 265 | 190 |10 |6 1368) 7.7) 90500 
| [300 1398) 79} 91922] 14 206 | 739 a 
i348) 76] 93517| 1555 | 20 
#1420] O| 673 | 74! 
5 | 1353) 9:06: 15231 40 206 
102015] 19,40 | 7 
[1383] 7 
[1363] 77 
1025 |270 | 190 10/6 |300 
[26311901016 190015 18) |= 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 16 U,S.S. CHESTER 
OCTOBER 6 1908 
TEST OF AUXILIARY FEED PUMP. 
DIAM. OF 


CONDENSED EXHAUST STEAM 


(GAGE) 


TIME 
OF 


EAM CHEST. 


sT 


CUUM. 
AUX CONDENSER 


BACK PRESSURE IN 
AUX. EXH. LINE. 
REVOLUTIONS. 
DURATION OF TEST. 


INTERVAL 
cues TANK. 


SHoiscHarce Pressure 


| 190 


+ 


| 


TEMPERATURE. 


[225 | 184] 10/6. 


225 [220 | 184) 10] 
167| 10 


+. 


NOt 
+ 

¥ 


S2M. 39S, 


| 


TABLE {9 U.S.S. BIRMINGHAM 
OCTOBER I2- 1908 
TEST OF FIRE AND BILGE PUMP ENGINE ON ASH EJECTOR 
DiAM STEAM CYL 12° 


E 
PISTON RODS a 


MEAN 


Prt CONDENSED EXHAUST STEAM. 


T 


RE 


WEIGHT 


IBACK PRESSURE IN 


AUX. CONDENSER 
AUX. EXH LINE ¢ 
REVOLUTIONS. 

OR DOUBEE STROKES 
CYLINDER 
INTERVAL 

INCHES IN TANK 
TEMPERATU 
DURATION OF at 


PER LHP 


OWr 32M. 265 


LHP. 


Im 
STEAM CHEST 


VACUUM. 


36) 4:22:00 
"36 [104 | 42750] 
6 (1048, 255] 43453 | 7.02 
107. [260 
5 


88 DISCHARGE PRESSURE 


alae 


lv 
ion 


| 
+ +— 
} 


\Avenace | 


/ 
804 
WATER . 
PISTON RODS. i%e 
STROKE 2" 
ESSURES, | 
TIME 
« 
w 
2 
3 
PRESSURE 
TIME 
3 — 
[430 [195] | 
2 [4.401195 
4.50 | 195 | | 68), _ 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 19 US.S SALEM 
OCTOBER 10 1908. 
TEST OF FIRE ~~ BILGE PUMP ENGINE ON ASH EJECTOR 
DIAM cYt 2° 


PRESSURE 


CONDENSED EXHAUST STEAM 


BACK PRESSURE IN 


DISCHARGE 


VACUUM 
CONDENSER 


STEAM CHEST 

AUK. LINE (GAG! 
REVOLUTIONS 

OR DOUBLE STROKES 
CYLINDER 
INTERVAL 
INCHES IN TANK. 
WEIGHT IN 

TANK LBS 


= 
TEMPERATURE 


2651260105, 26550 406) 


[155/252 265/10 26551. 118 | 406) 
2.05 265/10 6 (265 49 |1187/ 393} — 
Averace | 1263/10 (56 265) 50._ 1189) 402}- 
—2:0058| 2.56] 


2.15 1255/1 205/10 1265) 36. 1088) 26.5 2:15:00) 


__225 | 260 | [200] 10/6 (26537. | 988/247) 21925 


[235 12601200110 (265,37 | 95 |238) 22450] 525] 20] 4: 
22938] 4.48] 30 


[258 202]10 16 [265/366 11008 250} 
455 


3.00 | 255| 165/10 16. 
[3.10 1265/ 1651016 [265,22 | 


3.20 [265 | 168) 10 | 16. 23._| 


OHr-40M-55 SJOHr-24M-255 15.58 S. Houraton oF TEST 


TEST NO3 [TEST TEST NO 


330 1260116511016 al 732] dc 
TAvenase 260] 16611016. (265, 33055] 6.15/FULL|I 


TABLE 20 U.S.S. CHESTER. 
OCTOBER 6-190 
TEST OF FIRE AND BILGE PUMP ON ASH EJECTOR. 
DIAM. OF STEAM CYL 3° 


CONDENSED EXHAUST STEAM. 


EXH. LINE. (GAGE). | 
SCHARGE PRESSURE. 
& 


REVOLUTIONS. 
OR DOUBLE STROKES. 


AUK. CONDENSER 
BACK PRESSURE IN 
CYLINDER x 
WEIGHT 
RATION OF TEST. 


PER 


265) 365 


(265! 363 


Hr 25M. 305. 


85.) 


CTE 0 
505:30| 410 |FULL 


2674. 


363/12 


805 
GAGE 
488. | 
TIME 
| EIS 
3 
05 | 106 
{106) | 
D7 |106) | 
70 | 106; 2 
o2 106, 
16 (106 
108} 
205 | 108, 
437 [108] — 
20) 
tao, cus | 90) 
31508! 8201 301 671 | ® 
1118 | 84 2 - 
= 
— 
STROKE 
| PRESSURE 
A 
} 
| 
| Time | 
} Ss 
| 
_450! 220 | 178 126.4 31.7) £45:30} 550) 10) 213) 
— 12.9613 1.8) 651201 4871 | | 
{S201 1175 265) 3651126, |30.9F- 7136 
Avenace | 221/176) [262] | 2 


806 COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 21 US S. BIRMINGHAM 
OCTOBER |! 1908 
TEST OF FORCED DRAFT BLOWER (noume crunoen simeie) ENGINE NO. 2 
DIAMETER OF CYLINDERS 
STROKE 
DIAMETER OF PISTON RODS 12 


| mean | 

| PRESSURES, CONDENSED EXHAUST STEAM 
| 

| 

| 

| 

| 


STEAM 
PRESSURES 


VACUUM 


BACK PRESSURE IN 
AUX EXH LINE (GAGE) 
REVOLUTIONS 

AIR PRESSURE 
INS OF WATER 
AFTER CYL. 
WEIGHT IN 

TANK LBS 

PER LHP 


AUx. CONDENSER 
TANK 


T 
| 
| 
| 


STEAM CHEST 
OF BLOWER 
FORD CYL 
INTERVAL 
INCHES IN 
TEMPERATURE 
WEIGHT 


‘TION OF 
OURATION OF TES 


-4 
4 


11120 '170'125)3. 6 380! 11:20:00 
1130 1655125 3 63 380) 11:25:18 | 
"1140 58 380] 143335" 
"1150 170/125 3 6. 1:40:50 | 
"1200 1175/125;3 65 380] 0 | 11:50:30 
1220 1170 125.3 58 380) 
1230 [170/125/3 6 0 | 
1240 |170 12553 6 12:30:32 | 902] 40 | 
170 125 3. 6 12:38:30 | | 1134 

100 165,110 3 
_ 110 1155/110'3 6 
120 [165/110/3. 6. 
130 | 16511013. 
| 165/110/3 6 | 

150 | 16011013, 6 360) | 12250 | 5.08 
|165 11018, 6 360) | 418 
[135105] 410 
13945) 440 | 45 


26. 


43:30, 345 Ful! 1136 
200 | “357 3.6 310! | _200:00 i 


18 M-30 S. 


Or 


2.10 |160! 95/3 16 31 [20550] 5 

+ 7173) 

170, 95/3 | 310! +832 

157, 95.316 O| 301 30 

[167 95/3 6 (310) 0} 630 | 35 

9573. 6 310 25| 40 
[1651 95/8. 3x 550 | 45 

5.00 |FULL] 1138 


18S 


-6M 


TEST NO 3 


1 Hr 


_320 |170 75/3. 6 |260, 
_330 1170, 6 (260° 
340 1170) 75/3 260) 
350 | 165) “15 260 | 
| 165 | 75/3 165 260 
41:0 | 15 3 6 260 
Aunses | 168 17513, 6 260 
6 
| (125 [3_ 1380 
T165 12013 6 
| Avenase | 163 124/35. 16 (3739) _ 0.) 


Tabulated by AMD 
| Checked bu 


| 32700] 7100 | 

3:35:30) 630/10) 

_ 40500 930 [ses 


| 


Our -00 


TEST NO 4 


ofo 


-36M.-505S 


O tr 


5:26.50] 230 | FULL 


NoTes.—During all of the above tests the fireroom (No. 1), was closed 
(hatches, doors, etc.), airtight, except discharge opening to No. 1 blower. 
This opening allowed free escape of air, and in consequence, no pressure was 
recorded in fireroom. 

Test No. 5 was made for the purpose of checking results obtained in test 
No. I, the latter not being considered entirely reliable. 

Revolutions of blower were taken by tachometer. 


Trest won | 


TEST 


H 
! ! 
| TIME 
} 
r 
2 
- | | 
| | 
z | 
| 
80) 
| 
81 
| 
| 
> +—— | 
‘ 
4 735) 
| 
| 
[76 
| | 
| 
| 
176) | 
76! 
761 S| 
2 
| 
450:00 t + = 
é #620) 340) 10 | 216) 
oe gooos| 348/18 | 396 
5:02:55 | 350 +20 1 4 So | | 
50745 | 350/25 | 569 
51130 345 [30 | 687 
5:15:50 | 420 |'35 | © 
5:20:30 | $401 40) 
| 
11368; 
cy 
for, 
T 
Stea 
the 
eng 
Fi 
Ope! 
furr 
Ri 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 807 


TABLE 22 US S. SALEM. 
OCTOBER 11-1908 
TEST OF FORCED DRAFT BLOWER criiwoeR simece) ENGINES NOS. | &2 


DIAMETER OF CYLINDERS. 
STROKE 6. 
DIAMETER OF PISTON RODS. = 
Steam 
PRessunes. z3 | pressunts| CONDENSED EXHAUST STEAM 
= = 
1016 | 485] 4924 |indicgtor dard 
icgtor dard 
150 016. | 408] 4. | data! unreihable 
125 |278 
135) 275 
ale 
1.45 | 275 
Avena 275 3 
275 
| 2:10:36] 535/15 | 329 | 80 6 
215/275] $7/10/6 |1790| | 537] 20 | 441 70 
221:56| 5.41 | 25 18 
235/275) 50} 56/10/6 |224)226/1. |1720) | 65] 2:32:45) 524 | 35 | 766 | 76 3 
2:36:16] $33 [ao [S06 | 
240/275) 50) 57/10/6 |225)223/1. |1800 671 2-43:308 530 |45 [1023 78] = 
2718] 51| | 781 py, 
275 6 
275 5 
278 6 3:46:20| 840/20 | 442 | 7 é 
= 2:54:36; 815/25 569 7 
840 [275] 40] 491 | 165/162] 3/1200] | | 675 | 3 
350|275| 40| 44/10/16 | 165/164! 5/1190) | 33 
400|275| 40| 44|10\6 | 164/165] 2 | 33 
*laiole7s| — | —liole | — | |-| — - 
ri-| 
275} 40| 43/10/6. | 164/166) 5/1187 32 
4:16:00 
415 | 427) 4186/3. § che tite 
4:24:25) 257 | 30 6686 112 
| 430/ 432|3 |4975| 2 256] 40 900 1112 
450:00 96 
Soo |280| 18/10/6 2 soose| sae [20 [ase 
06:44 46 | 30 
2) 510/275| 75| 80/10/16 |306| 15/3290 5.42] 40 | 905 | 
° 
Avenel 278) 715] |305| 305] 15/3285 166 


NoTrs.—In all the above tests two blower engines were in operation. Only one (forward) 
cylinder of No. 2 (port) blower, however, was indicated. It is assumed that the total I.H.P. 
for each blower engine is double that shown for the cylinder indicated. 

The two blower engines were run, as nearly as possible, under similar conditions as to 
Steam-chest pressure and revolutions, and the power developed by each is assumed to be 
the same. It should be noted that the condensed exhaust steam collected is from both 
engines. 

Fireroom No. 1 was closed airtight. In tests 1, 2, 3 and 4, six furnace doors were thrown 
open (ash-pan doors closed) to provide air leakage. Tests 5 and 6 were made with all (12) 
furnace doors open, other conditions being similar to tests 1-4. 

Revolutions of blowers were taken by speedometer. 


— 
: 
— 
| 
| 
| 
d 
— 
} 
} 
] 
= 
1 


808 COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 23 US.S CHESTER 
SHEET OCTOBER S-1908 
TEST OF FORCED ORAFT BLOWER (coupe crunoeR simese) ENGINES NOS. 1&2. 
DIAMETER OF CYLINDERS 


STROKE 
DIAMETER OF PISTON RODS q 


CONDENSED EXHAUST STEAM. 


| 


$$ 
IN 


BACK PRESSURE IN 
(AUX 
REVOLUTIONS 
FORD. CYL, 

1H. ONE ENGINE 
INTERVAL 

WEIGHT IN 

TANK LBS 
TEMPERATURE, 
QURATION OF TEST 


2 
c 
2 
r 
VACUUM 
(Aux. CONDENSER)! 


BOILER 
> 
STEAM CHESTIP z 
OF BLOWER. 
AIR PR 
INS 
INCHES 


WEIGHT 


105. 10/55 56.80'57.96 
+ + 11:42:20 
105 | 10 396 5718/5786 21.9]! 1:44:48 


wo 


| 


108.|10 /60)393) 4 | — | 
106 |10 |60| 393 | 4. |5699|5791 


14745 
1150:33 
1:53°06 


12:06.10 


210 70.10 | 4s 321 | 25 |3616141.47| 120]! 15:00 
i 1:19:06 


70 314/25 111 


70 |10 25 |3789/3a71| 114 


70 |10 306 | 25 [3881 117 


70 
70.| 9/54) 313 | 25 3809/4000) 11.7 


200| 42|10/40| 168| 1. 
a2 10/55/1886) 1. 1670] 1605 


42/10/60] 191 | 1. [1859/1802 
+——++ 
| 42 |10| 50) 193 1897) 17.63 
42.10 /55| 192 1631/1789 
| 42/10/60) 191] 1. 1624/1803 
az 190] 1. 
42. |54| 190] 1. |1823/1787 
$25) 10 |55) 210 2456 (23.74 
52 |10 |60| 208 2400|2262 
$2 |10|60| 204| 1 [2373/2368 
10 204! |. 2328/2177 
10 |60/ 205| 1. |2497\22.95 
10 204| 1. 
10 |50| 205| 1. |2595|2361 
50! 2510/2256 
55 [2466/2303 
60 |soo7|asaz 
55 5201/4851 
60 51.45|51.35 
60 51.00|51.15 
59 


TEST 


SM -O3S 


-o3s 


| 257 | 15 341 | 63 | ° 
2| 1200 | 220 248 | 20 | 459 | 63) 
233 | 25 | 575| F 
| | 213 | | tear sot 
> | 225 | 35 | 
12:01'03 | 40 $25 | 83 z 
1203:41 | 2368 | 45 | 
Fut | 1136 | 85 | 
| s2a20 | 222 | 
° 12903 | 443 | 15 | 
2) 138 |2:5| | 418 | 20 | «59177 3 
ravse | ais [30 | | |= 
| 195 14610 ai2 35_ 09 | 78} 
4 rsozs | 415 [eo | [7815 + 
| avennee | 207 | 154.53 | 426 | 45 | 1046|7e|%| 
56:46 | 153 Fu) 1136 | 78 | 
— }——j-2:20.03 tos | 
; 242:23 pis ye) | 
240 | 200 34 Hat] 
3:15:03 [11.47 | 30 | 690 | 76 | 
250 | 205 33 
300 | 210 33 
T 
310 | 205 33 
| 203 | 33] 
+} @i5:03 | $03 | | 
420 | 175 41) a2z3a | 731 | io | 220 | 90 | N 
430 | 210 | 4:37:00 | 133 | 20 | 657] 66| | thi 
[208 | 142 | 25 | 573 Is 
1:48 30 | | 67 | was 
Z| 450 | 205 | 126 | 35 | 607 | 66 | was 
: 2 506:09 | 653 | 40 923 | B5 | | 
| | 699 45 | | stea 
510 | 200 a9] 51e:03 | 515 [rut] 1134163) 4 bloy 
[eis 
~ 6:02:55 s | | 
| 610 | 215 606.19 ae clos 
a 60938 | 319 | | eack 
| 620 | 240 | 1 
z air | 
2 | simi 
[ruu } 1136 | 60 | Re 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 809 


OCTOBER 5- 1908. 
TEST OF FORCED DRAFT BLOWER(covuste criimoer simece) ENGINES NOS. 1 & 2. 


DIAMETER OF CYLINOERS 5 
STROKE Ss, 
OUMETER OF PISTON RODS 
| MEAN 
wiz Jencssuncs CONDENSED EXHAUST STEAM 5 
TIME Zul 2 | | w me Zeie 
ows! w rf) < z 
640 | 230/145 | 10/55] — | 
+ | 6:41:35 1.35] 5 1038 
© 650 | 200/145] 10/55|428| 4 — | 335] 6:43:25] 150] 10 |] 220 
+ + 64523] 158) 15 | 339/93 
7.00 | 165} 140 | 10)60) 411) 36/6127) — | | 1.4 Oo | 457 2 
+ — 649001 25 | 57319 
AVERAGE | 196 | 143 | 39/8451) — | 15 | 
65303 | 20 | 607/93 
“i 
° 
azo | 61 60,222! 1. és 106 
830 | 195] 61/10/60) 216) J. |2013/2961| 60 | S822) 656) 10) 223/74 
4 566| 15 | 342/174 
| 200) 10/60/2221. |31.10|3079| 66 | @eaos 20 | aco | 74 
Z| 650 | 205; 65. 10 | 60 222 |. '3030/3174| 66 @s600 30 69: |75 
300 at | 10/65 / 227 1, 3069/3132) 68 
| 4 i! 7 2 
910 | 200) 68) 227) 1, 3192/3279) 1S Fe 75] 
920 | 200! 1. |3324/31.48) 7.0 
> | lo 
| 196) 65 | 10/61) 223, 3089/3130] 67 
| 930 | 200 130 | 10/70) 380, 25 7791/7696) 15615] 108 
| 940 | 190/130 | 25 — 267] 99858 | 151] 10 [221 Tes | 
2} + + 4 t | $36:20 25/| 15 340 /| 85 
950 | 195 | 130 | 10/55 364, 26 | — 27.9] Zit | 20 458 | 85 
—— | 40:50 | 221] 25 74/85 = 
Avenace | 195 | 130 | 10 | 63 | 382 | 25 |7701|7517| 276] | 210! 30 
45.05 05] 35 op 
#| ‘TABULATED BY AMO 214] ao | 92a 
CHECKED BY Www. 02] 45 | 1045|65|" ° 
8 | 


NoTEs.—The blowers for this fireroom (two in number) have a common 
shaft which is driven by two vertical blower engines connected directly to 
this shaft. In all the above tests, the forward engine (two cylinders) only 
was indicated, but both engines were in operation. The power developed 
was presumably the same for each engine, as by means of steam gauges, the 
steam-chest pressure was kept precisely the same during each test, for each 
blower engine. 

It is to be noted that the condensed exhaust steam collected is for both 
engines. 

All tests were made with fireroom (No. 1) hatches, etc., closed. In tests 
I, 2and 3, furnace and ash-pan doors, as well as dampers in uptakes were 
closed ; the opening for air leakage. in fireroom was therefore the same for 
each test. Tests 4, 5 and 6 were conducted under similar conditions as to 
air leakage, and in this respect, differ from tests 1, 2 and 3, only in that 
dampers in uptakes were open. Tests 6 and 7 were made under conditions 
similar to tests 4, 5 and 6, except greater air leakage was allowed by opening 
furnace doors in boilers—five in number. 

Revolutions of blowers were taken by speedometer. 
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TABLE 24 


TEST OF FLUSHING PUMP 
DIAMETER OF 


COMPARATIVE TRIALS OF SCOUT 


CRUISERS. 


U. BIRMINGHAM 
SEPTEMBER 26-1908 


STEAM CYLINDER 
DIAMETER OF WATER CYLINDER ies 
DIAMETER OF PISTON ROD th 
STROKE 12° 
| STEAM MEAN 
ESSURES «|23 CONDENSED EXHAUST STEAM 
$3 R HOUR 
| Zigul z | 
«| s | e\3 
2 z a foestrvation S oe | 5 
| w 4 x az Zigi« 
PM. 620 | 160] a6 39 7s 
650 | 155| 46 |26 43{ 300] 2600 
- [720 [150] 47 [29/40] 3000! 40 } —741:30).21.30 |FULL | 1156 | 80 
| 150} a8 320] 2375] 33 
820 | 45 |29/50/ 300/2700| 35 = 
| 850 | 135] 50 35 
915 [140] 46 2860/2800] 34 
Avensce | 146! 47 (28/48! 307/2746| 35 
— 


TABLE 


24 


TEST OF 


FLUSHING PUMP. 
AMETER 


OF STEAM CYLINDER 


Discharge pressure of pumps 25 LBs. 
Average stroke of pump during test: 
= Iins. 


US S CHESTER 
OCTOBER 4-1908 


PRESSURES 3 MEAN CONDENS 
| 4 ONDENSED EXHAUST STEAM 
| Time | 835) « TIME 12412 
| _ 745 | 225) 62 | 548/2400] 62} 7:40:18) 10.18) 5 | 102) 75 
800 | 225! 62 10/7. | 2350] 60} 12.16) 10) 219) 7 
815/225] 60/1016 | 60}—00435) 1201) 15 | 339) 74 
8:1628] 1153] 20 457 | 3 
[220] 60/10/68] 542/2275| 58 
62607| 1139] 25 | 574 > 
+ 1016. 346) 2400) 1031| 50 | 689] 7 = 
900 | 225 0 10/6. | 543) 2500 64 46511 10.13 5 7 = 
915 | 22 0110/6 | 2436 62 10.29| 40 925] 72/56 
922 | 225] 60/1016 | 562 45 | 7215 8 
62 10/65) 546] 2406) 61 21:50] 11.39/FULL] 1137] 72 


Discharge pressure of pump: [2 LBS. 
Average stroke of pump during test 
= ins 


rect 


ain a 


{Test No 


= 


‘ 
| 
DIAMETER OF WATER CYLINDER 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 25 U.S. S. SALEM 
OCTOBER 12-1908. 
TEST OF FLUSHING PUMP 
DIAM OF STEAM CYLINDER 
= WATER 


PISTON ROD 
ROK 


AM 
RE SS URES) CONDENSED EXHAUST STEAM 


TIME 
oF 


21500 
22344 
2:3700 
25116 
Tiolé | 54 8:04:05 
305| 185| 78 |10/5. | 523] 3590] 316 
315] 205| 72 |10/6 | 53, } Discharge pressure 
Avenace 73_ 1015.9] 533/385 30 LBS 
| 400/160) $7 (10/6 | 36.25] 40 1:00 
350) 36.00|. 59) 1415 
349] 33.00 4:31:55 | 1540 
35.8| 34.90] 5.9} #4103) 1508 
35.9] 35.90 698 | 1935 
38.1| 36.00] 6: 
349) 35.75) Discharge pressure 
Avenact | 187. 63 10161] 35.3, 3540) 5. 30 LBs. 
5.12|205/ 46 | 2925) 5.1200 
522] 200] 45 |10/6 | 220] 3325] 2620 | 14: 
45 [io] 21.0] 3325] __ 3. | 16. 
|__552/200/ 45 |10/6. | 3400] 32 
602/200! 45 | 10) 3440 31 
Avenace | 45 10/62] 20.4 Pressure of 
"6221 200/ 90 | 5325) 68] 62 
632|200| 85 |10 32.0| 4925! 7.4] 
642] 200] 65 | 10] 16 
69+ 


6.52 | 200 | 90 10 
12.12 |FULL 


STEAM CHEST 
VACUUM 

AUX. EXH. LINE (GAGE). 
DOUBLE STROKES. 
INTERVAL 

INCHES IN 
TEMPERATURE 
DURATION OF TEST 


WEIGHT 


4. 


> Aux. CONDENS 
BACK PRESSURE IN 
| 


}Hr-IM-475S. 


\Hr-OSM-38 5. 


+ 


Zz 
° 
4 


4 


+ 
+ 


702 [200/ so | 
712/200] 69 tio 
122/200| 85 — 
AVERNE 2007 88 | 
140| 200) 45 | 
|__7.50 | 200 
800 | 200 
610/200 
6.20 
630 
8.40 
850) 
900 
9.10 
9.20 
Avenace 


10M.-O7S__ 


pressure 
4879 50 LBS 
358.0) 2075 7:40:00 
| 340] 1925 804:35/| 2435 
[350] 2200 1440 


3171 2800 34312] 2357 
17.28 


267! x1 9:52] 19.12 


| TEST NO. 4 


w 


| 
| 


| 


Discharge pressure of pump+ 
20 LBS 


TEST NOS 


-39M-525S. 


Average stroke of pump during tests 
12 ins. 


*The results of this test are considered unreliable. 


— 
Sir 
— 
— 
TIME 
206 |70 | 
439 
673 
306 
olw 
©! ¢) 
pump: |@ 9 
lea) 
| 206/62 | | 
4335 | 78 
672/76] | 
905/76 | | 
| 
87 
206 
325 |68 | 
mp: 30LB | 
296 | 
306 | 68 
166 | 
439 
| 90.4) 30} 
| 342| 2475] 40 
318] 
350 
| 34.5) 2299 35 | 
‘ 
: 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 26 

TESTS OF EVAPORATING AND DISTILLING PLANIS 
TUGE WEATING SURFACE 5&@ EACH EVAPORATOR 

U.S.S. BIRMINGHAM. 


STE. 


N 


BACK PRESS 1 
AUX. EXH. LINE 


ON SHELL OF 


VACUUM. 


EVAPORATORS 


| 


|OOUBLE 


z 


WATER | 
PUMP | 


EVAPORATOR 


FEED PUMP. 


TFRESH 


OCTOBER 13-1308. 


CONDENSED EXHAUST STEAM J 


INTERVAL 


NUMBER OF 


FULL TANKS 


+ 
| 


TOTAL WEIGHT 
IN POUNDS 


STEAM USED BY 


POUNDS OF WATER 


PER HOUR DISTI 


TEMPERATUR 

LBS. OF WATER Dis. 
TILLED PER L® OF 


PER SQ FT OF TUBE 


HEATING SURFACE 
EVAPORATING PLANT. 
POUNDS OF WATER 


DISTILLED 


COILS OF 


oo 


EVAPORATORS. 


ANAM 
+ 
~ 


AUX. CONDENS 


+ 


Dan 


— 


i™ FICULATING PUMP 


Jeo Olu 
USED INTERMITTENTLY 


lew 


| 


ay 


— Ow lav waa 


Pit it 


010% 


WOO: 


Nip 


+++ 


+ 


+ 


+44 


5.85 


10433 
2°223+4 


—M 
| 800) 260] 4510. | 6110 [47] 16 
40/105, 6 |10 | 34] 16 


42/10 | 6 | 


+ 


23| 


| 930| 270] 35] 7. 
1000 260] 40| 9 


11100} 270 
40/1 


1200] 265! 40/10. 


1000/ 260] 6 10 | 35) 14) 
1030) 265] 


6 10 | 35) 14) 


6 


USED INTERMITTENTLY 


610 


T 


| 


| 


OS 


— CO Ow oe 
© 


oaros 


r 


266] 40} 95) 610/36) 14) 


+4 + + 


POV 


+++ 


jour 


alo 


— 


SS CHESTER 
1030] 225] 40 
11.00/ 220] 40 


1116 58! 12] 
1116 1101 58) 12) 
11} 62/10 | 56} 


USED INTERMITTENTLY 


WY 


COCOMMS 


NoTE—The tests above tabulated (each of four hours’ duration), were undertaken witha 
view of establishing a ratio between the weight of boiler steam used and distilled water 
produced with the plant operating under service conditions. 

Of the four evaporators fitted on each vessel, two were used in all tests, and as the tests 
progressed, each evaporator was blown down and refilled once in four hours in order to 
simulate conditions of normal use. All evaporator coils were clean. The condensed ex- 
haust water collected included that from evaporator coils, and as well, all steam used by 
various pumps (distiller circulating, evaporator feed and fresh water—the latter being used 
as required for pumping distilled water from filter to ships’ tanks) installed as a necessary 
part of the distilling and evaporating plant. During the tests all distilled water was 
pumped to the ships’ tanks, and there measured in gallons, as follows: 


BIRMINGHAM, 1,282. SALEM, 1,430.55. CHESTER, 1,770. 


812 
OF 
| 
1230) 160 ree 
1.00) 175 
1.30 | 175 | 
200] 180 229 | 
230] 175] | | 36 
300] 175] 6 121 | 36 
330] 6121 136 60 ale | « 
400] 180 5) 6121136 
| 11-1908 
| 
Ex 
| | 
WW) | 12399 | 
510351 10) |: 
REY 
6 | 10/57 12! 
230/225] 40] 11/6 110 12) | 66) 
100] 220] 40| 11/7 10 es | 
130/220] 40/ 
2.00! 210] 40] 
230) 225| 40| vel | oh | = 
6 17077, 10) o bai 
a 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 813 


U. S.5. BIRMINGHAM 
SEPTEMBER 27-1908, 
TEST OF DYNAMO (COMPOUND) ENGINE NO. 3 
DIAMETER OF HP CYLINDER Th 
DIAMETER OF LP CYLINDER (AER 
DIAMETER OF PISTON ROD \% 
STROKE 


LOAD PRESSURE, 
| TIME 


T 
MEAN | CONDENSED EXHAUST 


NAMO ROOM 
WWCHES IN TANK 
WEIGHT IN 
TANK 
PERATURE 


INTERVAL 


TEM 


0.00 | 170] | 
0 0] 170} 16! 4001 
1175] 110] 16] 400! 75) 125) 

Tiros! 400] 75) 


108] 15/400] 7! 75,125 
108) tis! 400 | 75; 125 


08] 400] 75! 125,84 
15) 4001 75 125 
400/75. 125 wa 


| 15) 400 120, 125 £ 1:20.00) 
1130115 5115) 4001120) 125" 10) 217, 7 


180 — #4001 120° FE 12 22 40 11:12 FULU 1134 60 


|_ 1250 | 


80, 


12 50-00) 
1259-40, 920) 1 


1:10:31! 1051 


400 |170 
5 | 108] 15/400 
108] 15| 400/170 
108! 15/400] 170 
106) 15.400 110 
L 108/15) 400 (210 125) 

210 | 180| 108) 15) 400 (210) 1251 _ 

[15400 (210, 125) 333 

- 2:43:40 
1106115. 400 210 466 
2 | 108) 15/395 125 3: 15:00) 

108] 15/395 [260] 125 626] 10} 
108 151395 [255] 1251 g 3:28:29) 
110] 151395 1250 125) 3:35:32) 703) > 
[Average] 115) 1091 15] 42:46) 7.141 40 


| 108/15. 400| 125! 
1108] 15/400 | 76 125] 
108] 15.400 | 78] 125 
15/400 | 78! 125 
15. 400) 75/125] 
Tis 17 125 
115/400 | 70,125 
115/400) 70 125 
15.400 | 75) 
15/400 | 75/125) 
15. 400 | 76,125) 
108] 15/400 | 76/125} | 

15/400 | 79/125) | 
15) 400 | 60] 125 


in jeartej 
615) 
333 


1-42.04) 3247 a0, 40. 134) 
00-00, 
2 06:26! 626 


wilinl it 


re 


fi 


No 4 FTEST NO 


59.4 
33.4 


40S. [OHr-StM- 49. 


623 
35.8 


3ST NO6. NOS [TEST 
He-42M-41 5. 


Indicatbr, taken dun 


151400 | 60] 125 
15/400 | 16] 125 


!Hr-23M-35 


206 


*Nos. 2 and 3 dynamo engines in operation each developing the amptrage and I.H.P 
above recorded. 
¢ No, 2 dynamo engine in operation only. 


4 
STEAM 
[PER HOUR} 
3) 
if 33 1012.28] 10 | 
| 1050 At 
o's 
1110! 185 =| 
i ig 
3 
on 
87 
£1. 
87 
6 
1 20.8] 
1176 5:26°$6/ 1458! 217/68) } 
= 174 5:42:13] 1755) 20; 453/60 
5:59:45| 1732] 30] 668) 80 
ot 6:17:40) 40] | | 
550 | 175 6:33:03| 15.15 134) 60 | 
600 | 175 
Zz 
| a 


COMPARATIVE TRIALS OF SCOUT 


TABLE 28 


TEST OF DYNAMO ENGINE NO. 2. 


DIAMETER OF HP CY 
DIAMETER OF LP 
DIAMETER OF PISTON 
STROKE 


CRUISERS. 


U.S.S SALEM. 
OCTOBER. 8- 1908 


ELECTRICAL 
LOAD. 


MEAN 


PRESSURE 


CONDENSED EXHAUST STEAM 


AUK CONDENSER 
AMPERES 


REVOLUTIONS. 


VACUUM. 


PER HOUR 
LBS. 


| 
| 


INTERVAL 
INCHES 

TANK. 
WEIGHT 
TANK LBS. 


DURATION OF TEST 


239) 110,12.) 400) 75,125 


|_ 1145) 241, 110/20 75 125 


| 1155!) 240 10 400, 75 125 
240 110/10. 400, 75125 


240, 110 110/10. 400 75 125_ 


1225) 240 240) 108 "10 400 75 125 


12:27 


a TEMPERATURE. 


46.) 


16.007 11.48 20) 4. 


11.10, 25) S66) 76) 


1235 240 11010 400) 75 15125 


1245 240 109 10. 400 75 125° 


1255 240 110 10 400, 75 


-3 


105. 240 112,10; 400 75 


240 110/10. 400 75 125 


Average 240 110')11400 75 


629.0 
67.1 


308 


- 


46 M.- 


1.35) 110 10.400 120 125 


155 240 109,10. 400 120 125 


145240, 111,10, 400 120 125 


| _205 240 110 10.400 120 125 


215 240 0 109/10. 400 120 125 


225 240 110 10. 400 120 125 


| 235, 240 110.10 400 120,125” 
| 112/10.800 120 125 


255. 240, 110,10. 400 120 125 


Average 240 11010..400 120125 


299 


| 3.40! 245! 111/10. 400 170 125 


110/10.' 400 170 125 
| 3.30 | 245) 1101 400 170 125 


$A 
° 


350) 111/10.) 400 170.125 
240! 112} 10. 400 170125. 


10, 240, 10./ 400 
245_ 110,10. 400 170 125 


TEST NO 3 


243 111,10. 400 170 125 
245) 112/10. 400 210,125. 


245) 112,10, 400 0210 0125 
240 112/10. 400 210 
240) 112} 10. 400 210, 125. 


240 12) 10,1400 210, 125 


505! 245) 112) 400 210 125 


TEST 


Average 243 112,10. 400 210 125 


ok 


§ 4000 


33) 40 905) 
516, 45 1023) 7 
616 FuLL 7 


16S 


Owr 


[600 | 240, 112/10. 400 (256 125 

[610 | 240) 112/10. 400 
620 245) 10/400 | (256125, 
630) 250) 10.400 [256 125 | 


= 


ale 


| 
le! 


er 


fo}: 


2760 


46M- 285 


ale 
| 
| 


NO. 


Average | 244) 412) 10. 


814 
| 
PRES SURE. 
} | 
| 
Time | | > | | 
| © | | ais 
izgiz «le 
316 
. | 
| > | | 
5 T1193, 30, 6721 73) | 
~i24812) 35) 767,73, | | 
10020 1206) 40) 305° 73 | 
1.1220) 1200) 45/1023) 73, 
204 
5:00 69; | 
9.02, 257 5€6 ° 
Z © 2:35:35 6.50 35, 787, 70. 
9.05" 40) 305) 70. 
638, 45 1023) 10 
752 FULL) 1120) le 
en sz 
j 1 
324628 426 5 
3:31:10 77) 
33550, 44015 3251 76. 
3:42:46) 656 20, 439 76, 
: 5:56:42 652. 50 672.) 76) z= 
1280035 eT ey 
4:09:35" 623, 40. 9057 76) $5 
4 4:16:15, 640 45 1025) 
x 45915 415 5 66 76) | 
“$0627, 512 10, 206] 76) | 
535) 15 325776 | 
5.1630) 436 20 433) 
25 ~ 5:18:32, 354, 25) S566) 76 
5:23:36, 506 30 672,770 
535 52909 531, 35. 1867, 772.6 © 
5.45 5:34:42 
= | 
+ | S4 15 325 } 
Et 
42) 55, 18 
: 7 45, 10% 


TALE 29 
SHEET 1 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TEST OF DYNAMO ENGINE NO 2. 
Diam OF HP CYL 


U.S. S. CHESTER. 


OCTOBER 


4 


CONDENSED EXHAUST STEAM. 


g 


Sie 


oa 
=z 


Time 


WEIGHT IN 
TANK 


| 362 (216) 125 | 


13750 14.13 


491 


| 382 [220 


125 


[3825 49.4 


35000 


TEMPERATURE 


382 220, 125 


10:10:30 | 


14.18) 20 


3775/1388) 490 


362 219) 125 


3125 14.13) 490) 


0 


2 | 30 


4 


382 220; 125 


10:32.38/ 1056) 40 


925 


3175 12.93) 273] 3 


136751325) 474 


10:4305/ 112 


7 37 


265 


SEM. 52S. 44M. 435.Jonr 53M. OS S. 


2 (220) 125 
2 2201 125 
31 1255) 124 
11250) 120 
381 255) 124 


37.54)372) 46.5 
4325 14.63) 53.7 
4300/1438) 53.2| 
4525 15.13) 55.9 
381 (285) 125 (462511375 544 
96 1 250, 123 44251400) 53.4 
61 250 123 43751338 52.0) 
61 251 123 4429 1421 538) 
86 170) 125 10.63) 35.8! 
Tis! 125 | 13350 10.50) 40.7 
175) 125 |34861088) 42.3 
185 124 3275100) 41.1 
185 124 3500)1.00) 42.6 
190, 124 133755100) 414 
175 124 33: 
179, 124 1082) 40: 
| 75, 125 116.00] 6.40) 21. 
25 1600. 5.50] 20.4) 


25 11590) 533) 3] 20.7] 
198] 
25 | 1525] 500] 19.1] 
75, 125 |1625/ 525} 2031 
88 75) 125 117.00 5.16) 
368] 75) 125 (1630) S55! 20.7 
75) 125 11500) 530] 194) 


388) 75| 125 1675/ 525] 20.1] 


75) 125 11700) 20.6] 
125) 


219 
457 
32.4/30/ 689] 
11,40) 925 
740 Ful} ) 137 


r 


wi 1150 200 
a Avernace 201 
1220 | 205 

T1230 [210 
40 205 
1250 |205 


28.4 


1825.6 


12:30:01 | 1001/10! 2 
4 
125420) 12.00] 30! 6 
1:06:1311153/ 40) 9 
1652] 10 1 


100 
100 
100] 
100 
100 


iw. 


298 


195 
202 


_ 
54.4 


| 


213 
52 
012 


wiwiw 


[400 7210] to 
410/210 
Avenace 200 


5 [615] 
16.18) 534 20.4 

36 | 120) 125. 242 | 15 29.3)- 

6! 120) 125 1302} 

0, [386 120, 125/250 | 77 | 302}- 

386 120, 125 250 T9 | [305] 


125 i241 [76 | 297) 


386/121) 125 (249 | 


386/120) 125 25 


43000) T 
454272427 10) 219 
50936 | 1609/20) 457] 7 
"52500 | 1524/30! 689 
54206 | 11.06! 40] 925 
6:20:35 13659 Ful! | 37 


$1230 | 235 

| 540 [2357 

550 
2600 /225/ 125 [60 [30.6 
610 | 86/120] 125/238 | 63 | 304) 
125/239 300] 
125 119] 301 


35 S. 


*Unreliable. 


815 
4 
1906 
| Tome 2 | gz ly 
| | | 4 
1000 [200' 100), = | 
iw 
Avenace 204 100 = 4 
[11.00 [2057 100) 
[200 
2 ("1130 [2007 7 
100 
+ 
4 2B) 7! 
i__1.00 | 200 
| 
150 (200; 95 
— 06/30] 6897! 
(205) 36) 3:43 347/40) 925| T2 } | 
250 1200 96 | 
[320 260) | | 
340195) 97, | | | 5 
350 97 38 
©) 
lain = 
430 225 
+ + 3} 
[500 19 3 
520 1235 
| 
| 


816 


TABLE 


SHEET 2 
TEST OF DYNAMO 


COMPARATIVE TRIALS OF 


ENGINE NO. 2 


SCOUT CRUISERS. 


U.SS. CHESTER 


steamy Me 
| Time TIME att 3 
| | ; 3 oF < z 
250 220 | 387/120, 125 35000/™ > | 
[107 387/120, 125 4 _ 
4:37:55) 1545 a 
420 [225 |100 | 10] 387 120 125 
215) 10/367 i20, 125) = 
450 210 | 10,3867 ip 
5102's 10) 387 120 
AVERAGE 220 101 120 = 
|__250 [220 | 10/393) 75) 12 sot Tot 
310 220 [101 | 10/393 125 6 68351 701 
393, 75,125 433527|1614 FUL 1137) 70 o 
3 25 [105 110/393) 
420 (215 Tio; 393 
430 1225 110511015 i25 + 
Avenace (223 75 12% 


NoTE.—Tests No. 4 and No. 5 (75 and 120 ampéres) unreliable as to steam 
An iron chip was discovered, after completion of these tests, 
under drain valve to measuring tank, which prevented closing the valve 
properly. This permitted constant leakage from the measuring tank as 
tests progressed. Because of this, tests No. 6 and No. 7 were made at the 
same electrical loads, viz: 
taken on the latter tests, the I.H.P. of tests No. 4 and No. 5 being considered 
as sufficiently close to determine the power developed. 


consum tion. 


TABLE 30 


120 and 75 amperes. 


BIRMINGHAM 


TESTS OF ICE MACHINES, ONE TON DENSE AIR 


STEAM PRESSURE 


COMPRESS IGIVEXPANS ION 
Pressure 


TEMP 
REVOLUTIONS) 
(COLD STOR] 


No indicator cards were 


CONDENSED EXHAUST STEAM 


0 | 15) 
[920,170] 72 17513 le 
[9301177] 78] 2101 182/50) 
(75168177|3 16 1624514811 
[i757 70 16. 168/49 74971 


_300:00 
30340) 
Te. 


92025/10.45) 20) 
40 


‘ GAGE | 
5 | F 
j a | 2 | | | | 
TIME | | | | [Time | z 6 
16, 116 940, 2:6 716 
Szio 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 30 USS SALEM 
OCTOBER 12 1908 


TESTS OF ICE MACHINES, ONE TON “ALLEN DENSE AIR 


‘SION 
PRESSURE pres sume NEYOLUTIONS CONDENSED EXHAUST STEAM 


1055, Fara! 45/55 | + 36/54] 105908, 
1195] 205 | 48 | 50 95. 140/50 1 
2007 48/52/1106 | 195. | 40150 673 | 
11407 155140136 1954, 985/40 aap 
Tras] 155 Tas 143) 1977/40/44) 
[148 | 160 145 145 988 | 40/42 
37.1 39/47 


TABLE 3! USS. CHESTER 
TEST OF ICE MACHINES, ONE ‘TON ALLEN” DENSE AIR ; 

PISTON ROD 


STROKE 


CONDENSED EXHAUST STEAM. 


3 


4 


TIME 
OF 
DBSER 


EXH_LINE. (GAGE). 


STARBOARD 
STARBOARD 
STARBOARD 


+ 


457/76 
+ 38, 996. 
D Ful 


T 


+ 


sesss 


T 


SESSSSIS 
8 


46S. 


a 


2Hr 26M 


ming) | | 
8 


O18. | 265 | 225/60 cast 
eet 1076 | 255 | 225/80! 561 30043] 10.43) 


225] 1255 | 220| 17 | 151948 | 955 


3201225] 68] 65/1016 | 255 | 220/77] 15/977 | 96.9 245/245) 
[330] 2251 68] 10/6 | 255/220! 77 | 15/998 | 963 |24 [24. | 
340,240] 10] 65] 10/65] 257 | 936 | [24 | 
350 225| 70) 6511016 | 257 77/77 982 | 
| 


O1M. 27S 


817 
STEAM PRESSURE 
Time 2 ig o | 2 TIME | z lglg 
| 
| 
| 3 
ag 
1908 
“| 
-- : = 
| 62 10/€ i 1268 
984, {2 
te 
[972] 
° i 
457175 
40! 924/75) 
| 


COMPARATIVE TRIALS OF SCOUT CRUISERS. 


TABLE 32 
TESTS OF STEERING ENGINES. 


NO. OF CYLINDERS =2, 
DIAM. OF OCT. 10-I2- 1908. 
STROKE . 

T & LEFT SCREW. 
WINDLASS CO. (CHESTER). 
MAKER{ AMSON BROS. (BIRMINGHAM SALEM). 


CONDENSED 
EXHAUST STEAM. 
POUNDS) 


STEAM 
PRESSURE. 
GAG 


DURATION 
OF 
TEST. 


VESSEL 


AUX. CONDENSER. 


AUXILIARY 
EXHAUST LINE 


HM. S 
0-40-10] 687 [#1026 
-16-20| 689 542 
2200! 672 492 
0-45-07 |1 136 | 
052-10| 689 |§ 793 
672 919 


BIRMINGHAM 
CHESTER 
SALEM 
BIRMINGHAM 
CHESTER 
SALEM 


* Helm, amidships; steam toengine open but engine not in operation. In these tests the 
engine, after being thoroughly warmed up, was allowed to remain at rest. The con- 
densed exhaust steam collected, therefore, was that due to leakage alone. 

§ The helm in these tests, in order to approximate conditions when under way, was, every 
two minutes, thrown three degrees to starboard, then the same amount to port, and im- 
mediately afterwards brought to mid position. 
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BACKING TESTS OF SCOUT CRUISERS. 


BACKING TESTS OF SCOUT CRUISERS. 
Compiled from Reports. 


In order to obtain reliable data on the relative backing 
power of vessels equipped with reciprocating engines—Par- 
sons turbines and Curtis turbines—tests were ordered by the 
Navy Department to be made with the three scout cruisers 
Birmingham, Chester and Salem. The conditions prescribed 
were as follows: All vessels to be under similar conditions as 
to trim and displacement, and the trials to be conducted at 
approximately 10 knots, 16 knots, 22 knots, and the maximum 
speed obtainable for all vessels. ‘The vessels were to steam 
at the prescribed speeds, with only the number of boilers under 
steam that would be required were the speed to be maintained 
for an indefinite period. All engines to be reversed at the 
maximum power available and to continue backing, until the 
vessel was dead in the water, at the maximum speed possible 
without reducing the steam pressure in the boilers to such a 
degree as to cause priming. The following data was ordered 
taken : 

(a) Displacement. 

(b) Trim. 

(c) Condition of bottom and time out of dock. 

(d) Number of boilers connected. 

(e) Elapsed time from signal to reverse until engines 
moved astern. 

(f) Elapsed time from signal to reverse until vessel was 
dead in the water. 

(g) Distance headreached during the backing interval. 

(h) Steam pressure and vacuum at beginning and end of 
backing interval. 

The tests were carried out as ordered. The maximum 
speed which could be obtained without difficulty, under stand- 
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ard conditions, was estimated to be 24 knots, and this was 
the speed at which the last series of runs were made. At the 
time of the trials there were calms and light airs to gentle 
breezes with a ground swell making the vessels, while run- 
ning, roll from 3 to 10 degrees and pitch from 1 to 2 degrees. 
The distance headreached for each vessel was calculated from 
observations taken from the other vessels, at the instant of 
giving signal for reversing and when ship became stationary. 
The observing vessels lay at anchor, and the runs were made 
on a course such as to ensure accuracy of observations. 

General descriptions of the machinery of these vessels have 
been given in the JouRNAL as follows: Birmingham, Volume 
XX, No. 3, page 706; Chester, Volume XX, No. 2, page 349; 
Salem, Volume XX, No. 4, page 976. 

The propeller data for the three vessels is as follows: 


| Devel ped Proj 
| Develo rojected 
Vessel. Diameter. Pitch. | 


Jeet, ins. Jeet, ins. 


12-6 49-4 40.8 


square feet. square feet. 


| 
Birmingham 
6-0 6-0 19.0 17.02 


76 | 8-8} | 43-7 36.8 


* Two only used in backing. 


The results obtained are given in the following table. It 
will be noted from the column giving time until ship stopped 
that the best results were obtained with the Birmingham, 
fitted with reciprocating engines, the Salem, with Curtis tur- 
bines coming second, and the Chester, with Parsons turbines, 
coming last. If we deduct the time required to reverse en- 
gines, thus obtaining the time engines were backing, it will 
be noted that the Salem, with Curtis turbines, stands first, 
Birmingham, with reciprocating engines, second, and Chester, 
with Parsons turbines, as before, last. The average time 
required to reverse engines on the Salem was 43.67 seconds, 
on the Chester it was 10.52 seconds and on the Birmingham 
it was 5.54 seconds. The considerably longer time on the 
Salem was due to the type of maneuvering valves fitted, which, 
in future designs will be improved. 
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It will be noted that the Curtis turbine had ample backing 
power, but the steam required was, when compared with the 
other vessels, abnormally large, as is evidenced by the drop 
in pressure. The turbine arrangement on the Salem is such 
that on the port turbine the unbalanced steam pressure is 
with the thrust from the propeller, while on the starboard 
shaft the steam pressure is against the thrust of the propeller. 
In the port turbine great care must be taken in backing to 
adjust the clearance, in order to avoid rubbing the blades, 
while in the starboard turbine such care is not required. 
For this reason the revolutions of the starboard turbine in 
backing was, in all cases, greater than in the port turbine, 
and in the fourth series this difference, as noted in the table, 
was so great as to give a result not strictly comparable with 
the results in the other series. In connection with the results 
obtained on the Chester, it should be noted that backing tur- 
bines are fitted only on the inboard shafts, two only of the 
four propellers being available for backing. In later installa- 


tions of the Parsons turbines on battleships backing turbines 
are fitted on all shafts. 
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A METHOD OF ESTIMATING THE COAL CON- 
SUMPTION OF VESSELS AT VARIOUS SPEEDS. 


By LIEUTENANT ORMOND L. Cox, U. S. N., MEMBER. 


Now that economy has become of such great importance 
in naval administration the subject of coal consumption is 
most vital not only to engineer officers but to every officer 
concerned in the direction of the movements of the fleet. 

Various articles have appeared in this journal bearing on 
the question of coal consumption (see ‘“‘ Economic Marine 
Propulsion,” John Lowe, Vol. III, p. 218; ‘Coal Endurance 
and Machinery of New Cruisers,” etc., Vol. IV, p. 637, and 
‘Economic Speed and Power of War Vessels,” etc., I. N. 
Hollis, Vol. V, p. 66; ‘‘The Steaming Radius of United 
States Naval Vessels,” B. C. Bryan, Vol. XIII, p. 50; ‘“‘ Speed 
and Coal-Consumption Curves,” D. S. Mahony, Vol. XV, p. 
366; “A Method of Calculating the Coal Endurance and 
Steaming Radius of War Vessels under Various Conditions,” 
B. C. Bryan, Vol. XVII, p. 696.) In practically all cases 
where a mathematical investigation of the subject has been 
attempted, curves have been deduced of the form y=4-+CR , 
where y is the total coal consumption in tons per day, & and 
C are constants, and & the revolutions per minute or speed in 
knots per hour. 

The values of 2, so deduced, lie between 2 and 3, and, up 
to a speed of about twelve knots, give a very satisfactory 
curve, but at greater speeds than twelve knots the coal con- 
sumption increases in a higher ratio than the cube of the 
speed. My purpose is to show that an equation may be de- 
duced that will contain all possible powers of the speed. The 
general equation.will be of the form & = 4 +BV+CV? + 
DV* + ete.; but this will not be easy to handle and will 
necessitate the use of accurate data obtained at very low 
speeds in order to give the form of the curve at these speeds. 
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RI 
The effective horsepower of a ship is given by ————, where 
po pisg y 33,000 


R is the resistance of the ship in pounds, and lV’ the speed of 
the ship in feet per minute. Since varies approximately 
as ’*, we have the effective power varying approximately as 
V’*, The coal consumption, being proportional to the power 
delivered, also varies approximately as ’*. This gives us 
one term of our equation, viz: CV’*, where C is a constant, 
and I’ the speed in knots per hour. 

To obtain the remainder of the equation we assume that 
there is a definite “limiting speed” for the vessel, beyond 
which it is impossible to drive the ship as equipped, even 
though the coal consumption be increased indefinitely. This 
assumption naturally leads to a term the denominator of 
which is of the form 2 — VY, where Z is a constant and the 
speed as before. When lis equal to B the denominator be- 
comes zero and the term infinite. 

We can now write the general equation for the coal-con- 
sumption curve as follows: 

k= Vy + CV*, where & is the coal consumption in 
tons per day, V the speed of the ship in knots per hour; 4, 
B and C are constants to be determined from actual runs. 

It is to be noted that this equation contains all possible 


A A 
powers of V, for by expanding the factor Pops py 
4 AV, AY 


+ ete, 


In this expression it will be noted that at low speeds the 
coefficient decreases rapidly as the power of V increases, and 
soon approximates to zero. 


The factor is the coal consumption at zero speed, and is 
obtained by making IV’ equal zero in the equation for coal 
consumption. 

To facilitate solving the equation put it in the form: 
Bk—Vk=A-4+ BCV*?—CV*. Take a sheet of cross-sec- 
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tion paper and plot a curve of actual consumption from the 
data given. The data should contain the actual observed 
coal consumption at three or four different speeds, one of 
which should be near the maximum speed and one at least as 
low as half speed. From the curve thus plotted obtain the 
coal consumption at four speeds at intervals of three or four 
knots, and by substituting in the above equation the constants 
A, B and C are obtained. 

The actual coal consumption is seldom obtained for an 
even-knot speed, but usually for fractions, thus involving 
considerable labor in obtaining the third and fourth powers 
of the speed; but by plotting the curve we are able to obtain 
the consumption for the even knot. 

We now have the general equation for the coal-consumption 
curve, but coal consumption is a variable quantity even under 
apparently the samme conditions. In constructing the curve 
it is necessary to know just what machinery is in use. This 
should be all machinery necessary to propulsion, including 
the dynamos, evaporators, etc. 

The coal consumption of the dynamos should be that which 
is necessary for daily use, lighting the ship, running auxil- 
iaries, etc., but should not include any temporary extra load, 
as for turret training or running deck winches. 

The coal consumption of the evaporators should be that 
necessary for make-up feed and the daily average for ship’s 
use. 

Considering these factors, we see that practically all of 
them are variable. For example, the amount of make-up 
feed depends on the condition of all joints, stuffing boxes, etc. 
In the same way, the general condition of all the machinery 
affects the coal consumption. The personal element in firing 
is another large variable. 

Having once obtained a curve when everything is in good 
condition, every senior engineer officer should strive to keep 
the coal consumption down to the curve, or even below it. 

To modify the curve for any constant increase in coal con- 
sumption due to extra load on the dynamos, increase in 
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amount of distilled water, etc., all that is necessary is to 
lower the base line of the curve by the amount of extra coal 
used for this purpose. 

The coal necessary for propulsion depends on the revolutions 
maintained. 

As the ship’s bottom becomes foul the speed drops for the 
same coal consumption, but the revolutions fall off in a much 
sinaller ratio. In figuring on economy of coal consumption 
it will, therefore, be found of advantage to estimate on ,“‘ eco- 
nomical revolutions” instead of economical speed. 

In obtaining the coal consumption from the curve under 
various conditions, we should not use the speeds themselves, 
but the speed that the same number of revolutions give on 
a speed-revolution curve constructed simultaneously with the 
coal-consumption curve. 

The most accurate data on hand on coal consumption is 
that obtained on the trials of the scout cruisers Birmingham, 
Chester and Salem, though this is not absolutely accurate, 
since all coal was measured by marks in the bunkers instead 
of being weighed. The accuracy of the results on the Salem 
was impaired by the condition of her turbines at the time of 
the trials. 

These ships were run under service conditions, so that the 
curves plotted from the data as given will be correct. 

The data for the Bzrmingham and Chester, given in Table 
I, is taken from the Report of the Board on Comparative 
Trials of the Scout Cruisers Birmingham, Salem and Chester. 

Below is given the solution for the curve in the case of the 
Birmingham. From the data given a curve of actual con- 
sumption is constructed, from which we obtain the following 
data: 


Speed of ship, in knots per hour. Coal, tons per day. 


24 375-72 
20 157-25 
16 84.50 


12 45-00 
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Substituting these values in the general equation, Bk—Vk 
= A+ BCV3 — Cl’, we obtain four equations, as follows: 


375-72 B — 9,017.28 = A + 13,824 BC — 331,776 C . (1) 
157.25 B— 3,145.00= A+ 8,000 BC— 160,000 C . (2) 
84.50 B — 1,352.00= A+ 4,096 BC— 65,536C . (3) 
45.00 B— 540.00=4-+ 1,728 BC— 20,736C . (4) 


Subtracting (4) from (3), (3) from (2) and (2) from (1), we 
get : 


39.50 B— 812.00= 2,368 BC— 44,800C . (5) 
72.75 B — 1,793.00 = 3,904 BC— 94,464 C . (6) 
218.47 B — 5,872.28 = 5,824 BC —171,776C . (7) 


To eliminate the factor PC use the multipliers from Table 
II. Equation (5) is to be multiplied by (a) and equation (6) 
by (b). 


218.47 B — 5,872.28 = 5,824 BC—171,776C . (7) 
108.53 2 — 2,674.80 = 5,824 BC — 140,921 C . (6’) 
97.15 B — 1,997.08 = 5,824 BC — 110,184 C . (5’) 


Subtracting (5’) from (7), (6’) from (7) and (5’) from (6’), 
we get: 


121.32 B — 3,875.20 = . (—) 61,592 C . (8) 
109.94 B — 3,197.48 = (—) 30855C . (9) 
11.38 B— 677.72= (—) 30,737 C . (10) 


To eliminate C multiply equation (9) by multiplier (c) and 
equation (10) by (d), which gives: 


121.32 B — 3,875.20 = (—) 61,592 C . (8) 
219.47 B — 6,383.04 = (—) 61,592 C . (9’) 
22.80 B — 1,358.00 = (—) 61,592 C (10°) 


From which we get: 
99.15 B — 2,507.84 = A 
98.52 | ‘ B= 25.55 
196.67 B — 5,025.04 = 0 
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Substitute the value of 2 in equations (8), (9) and (10) and 


get the value of C= ee . Then using the original equa- 
tion and substituting the values of 2 and C as found we get 4. 
A V3 


We get four values for A, as fol- 


25.55 —V "79.42 
lows: 312.5, 313-7, 314.4 and 315. Average, 313.9, which 


ys 
ives the equation & = _. 3°39 +——, Putting V=o, 
. 25.55 —V 79.42 


we find & = 12.28 =the coal expenditure at zero speed, or 
the coal for auxiliaries independent of the speed. 
In the same way we obtain the curve for the Chester from 


the following data: 


Coal, tons per day. 


Speed, in knots per hour. 


24 332 
20 166 
16 94 
12 54 

498. 3 


which gives the equation = 26.91 85.2 


The curve for the Birmingham is plotted on Plate 1 and 
that for the Chester on Plate 2. 

The economical speed of a vessel is that speed for which 
the steaming radius is a maximum, and is given by the point 
of contact of the tangent drawn from the origin to the curve. 
This is only true when the ship’s bottom is clean. When the 
ship’s bottom is foul the economical speed is that speed which 
the revolutions necessary to drive the ship at the economical 
speed with clean bottom will drive the ship with foul bottom, 
2. é., the economical revolutions. 

In the case of the Birmingham the economical speed is 7 
knots. The change of economical speed due to a change in 
the amount of coal necessary for auxiliary purposes is shown 
on the curve for the Birmingham. An increase of eight tons 
of coal per day for auxiliary purposes raises the economical 
speed from 7 knots to 8} knots. 
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It should be noted that, for a range of three or four knots 
there is very little difference in economy. 

Cruising Speeds.—For the Chester (Plate 2) the econom- 
ical speed is seen to be nearly 8} knots. Drawing any 
straight line from the origin, cutting the curve in two points 
will give two speeds of the same economy. ‘That is, with a 
given amount of coal the ship would steam the same distance 
at either speed. 

Under favorable conditions the ship should always be run 
at the higher of the two speeds, for a variation of one knot 
speed at the lower speeds corresponds to a variation of several 
knots at the higher speeds. 

The dotted line on the Chester's curve shows that the same 
economy is obtained at 15.7 knots speed as at 4 knots. 

The curves shown on Plates 3 and 4 are not curves of actual 
ships, but are assumed curves for four battleships, and Plate 
5 shows these curves combined into a “division curve” by 
simply adding together the various coal consumptions at the 
given speeds. 

For battleship No. 1 the economical speed is 8.9 knots. 

For battleship No. 2 the economical speed is 8.0 knots. 

For battleship No. 3 the economical speed is 8.5 knots. 

For battleship No. 4 the economical speed is 8.5 knots. 

While the economical speed for the division is about 8.6 
knots. 

This is not the economical speed of any vessel, but is the 
best speed for the division as a whole. If the Division Com- 
mander has the combined curve for his division he could tell 
at a glance what speed he should make for the best economy, 
or, rather, what revolutions should be made. By combining 
the “division curves” the Commander-in-Chief could obtain 
a ‘* fleet curve,” showing the same for the fleet as the division 
curve shows for the division. 

In drawing the actual curve with a spline, having given 
only three or four points, it will be found that there is an in- 
finite number of curves that may be drawn through the 
points, though they differ very little in general outline, and 
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the various coal consumptions may differ by a few tons at the 
different speeds. It is easy to determine whether the right 
values for coal consumption have been used, for, though the 
different values of B and C obtained from the equations are 
practically the same from each equation, the values of 4 will 
differ widely unless the proper values have been used. A 
little experience will soon show which coal consumption 
should be increased and which decreased, and by how much, 
in order to make the four values of 4 practically the same. 

In making the multiplications the use of a Fuller’s calcu- 
lator is recommended. These are furnished nearly all ships, 
save much time and trouble, and are sufficiently accurate for 
the work required. 


TABLE I. 


Speed, knots per hour. Coal, tons per day. 
Birmingham, 9.86 32.14 
15.00 71.21 
19.83 153-45 
24.00 375:72 
Chester, 10.03 42.06 
14.98 89.36 
19.90 162.90 
25.08 429.40 


Speeds. (a) (b) (c) 
12, 16, 20, 
and >» 2.45946 1.4918 1.9962 
g, 12, 15, 18. 
8, 12, 16, 20 3.21053 1.6487 1.9918 
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TABLE III. 


Cube. Fourth. 
512 4,096 
729 6,561 

1,000 10,000 

1,331 14,641 

1,728 20,736 

2,197 28,561 

2,744 38,416 

35375 50,625 

4,096 65,536 

4,913 83,521 

5,832 104,976 

6,859 130,321 

8,000 160,000 

9,261 194,481 

10,648 234,256 
12,167 279,841 


13,824 331,776 
15,625 390,625 


DISCUSSION. 


REAR ADMIRAL JOHN LowkE, U.S. N., Retd.—Lieutenant 
Cox’s paper is a very powerful and comprehensive article, but 
will provoke considerable dissent, for the reason that his 
equation is based upon the assumption of a limiting speed, 
the existence of which has not yet been proven or accepted. 

In the prefatory portion of the paper acknowledgment is 
made of an article on the same subject, written by myself, 
and | am tacitly credited with the expression y = & + ck’, 
for the curve of power and fuel consumption, in which 

y = consumption of fuel, in tons per day of 24 hours; 
& =a constant quantity of fuel consumed per day ; 

ck" = fuel consumed in propelling a ship at the rate of R 

revolutions of the screw per minute. 
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The article then states that the values of 7 so deduced lie 
between 2 and 3; a remark to which I take exception, as 
follows : 

After reading the text producing ck", it does not require 
extraordinary knowledge of physics to recognize in that term 
an expression for a power curve in which R& is the variable. 
Now, in the nature of things, even when motion in the ab- 
stract is produced without friction and without turbulence, 
in an expression like cR" for power, the value of z cannot be 
less than 3, and may be more, according to the amount of 
friction and turbulence involved in the transgression to im- 
perfect practice from ideal theory. 

Furthermore, even without this knowledge, when we con- 
sider the expression y = & + cR", we may contemplate a 
vessel in commission, but ying at her anchor. In this con- 
dition there is no propulsion, and, consequently, y = & + 0; 
or, in ordinary language, the consumption is that due to 
banked-fire watches, maintained for distilling fresh water, for 
lighting the ship, for heating and ventilating, and other 
similar items. The amount of fuel thus consumed is defi- 
nitely known by measurement, and is definitely recorded each 
day in the log. 

It is plain, therefore, that the value of & is accurately 
known. Such being the case, let the vessel proceed under 
way for a definite time, at the rate of R revolutions of the 
screw per minute; the fuel then consumed is measured in 
the firerooms, and therefore y is accurately known. It is, 
therefore, manifest that the value of cR" is definitely known, 
because y — k = ch". 

It follows, therefore, that from two trials of the vessel, one 
trial at the rate of R revolutions, the other at the rate of R’ 
revolutions, that the values of c and of » become manifest, 
because 


log R — log R’ ms 
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It may also be proven that z is not strictly a constant, but 
that it increases in value at the higher ordinates of the curve. 
Nevertheless, its value may be so chosen that the calculated 
curve produced by its use will accord very closely with the 
experimental curve produced by plotting the results of ex- 
perimental trials. Any formula which will do this must be 
pronounced a good one. 

It will be inferred from all this that I prefer the expression 
proposed by myself to the one produced by Lieutenant Cox, 
one reason being that it is simpler and more easily applied. 


LIEUTENANT COMMANDER E. C. KA.LBFus, U. S. N.—The 
only objection to Mr. Cox’s method that I can find lies in 
the determination of the constants for completing the equa- 
tion. Getting these constants under service conditions has 
proved to be difficult, although it is possible for a painstaking 
chief engineer to work up accurate data for his own ship. It 
seems to be impossible, except in a few instances, to supply 
such data from the records of the Department. 

For the purpose of reducing the expenditure of any ship of 
a class to the average speed made by the class, as required 
by the present competition rules, this formula would be ex- 
actly what we need, provided the constants could be accu- 
rately determined. At present we are compelled to obtain 
the coal used for propulsion by subtracting from the total 
expenditure at any speed, the port consumption. This 
method is palpably inexact, but no more so than the use of a 
formula which contains incorrect or unreliable constants. 

It may be possible, and I hope it will come to pass next 
year, that we will have sufficiently accurate data to draw the 
coal curve for the competing vessels, in which case this for- 
mula will be just what we want. 


CORROSION OF COPPER AND BRASS. 


SOME THEORIES AND NOTES ON THE CORROSION 
OF COPPER AND BRASS. 


By LIEUTENANT COMMANDER W. B. Tarpy, U. S. N., 
MEMBER. 


OBJECT OF PAPER. 


The following theories and notes are chiefly a brief résumé 
of a paper read before the Institute of Metals by Mr. E. L. 
Rhead, F. I. C., and the discussion thereon. Nothing of value 
has been added, the object being to condense so that the vari- 
ous theories may be published in a service journal in such 
shape that the attention of all officers may be called to them, 
with the hope that those who have non-ferrous corrosion 
troubles and the opportunity of making tests may try out one 
or more with a view to our accumulated practical knowledge 
finally enabling us to arrive at a solution of the problem both 
as to cause and remedy. . 

In the above mentioned papers the discussion and recorded 
experiments tend to establish the following facts; that corro- 
sion of copper and brass is due: 

(1) “ To methods of manufacture.” 

(2) “*To selective chemical action.” 

(3) “Corrosion resulting from chemical action set up or 
promoted by the electrical conditions resulting from the pres- 
ence, side by side, in the alloy, of different components con- 
taining the constituents of the alloy in varying proportions, 
or from the presence of included impurities.” 

(4) “ The effect of vagrant electric currents escaping from 
the electrical equipment.” 

Without going into the details of the various experiments 
made, or into the highly technical reasoning, we will discuss 
in a popular way the above theories, in the order given. 

It is conclusively shown that with copper of a fixed purity, 
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that part which is hardest, either from processes of manufac- 
ture or from operations in working it into shape, is more 
readily attacked and suffers more rapid deterioration. The 
evident remedy is uniform annealing, using copper or brass of 
the softest quality compatible with the service required of it. 
In this connection it was admitted in the discussion that cop- 
per corrosion troubles in serious form date from 1899, it being 
stated that this corresponds to the time when the first electri- 
cally-produced copper, manufactured in 1898, was put on the 
market. It is difficult to see how this method of producing 
copper would make it more susceptible to attack, provided, 
of course, that it is remelted afterwards. It would not differ 
from ordinary smelted copper, except that it might be some- 
what purer. This immediately raises the question whether 
electrically-deposited copper has not had certain beneficial 
minute impurities removed. This question might, it seems 
to us, be very readily answered in a general practical manner 
by having two similar pipes installed close together in a ship 
to do the same duty; making all conditions identical except 
having one of the pipes made of electrolytic copper and the 
other copper purified to the same degree by smelting processes. 

In regard to causes (2) and (3) it is stated that it does not 
seem possible for cause (2) to operate unless affected by (3), 
but that the electromotive force resulting from the contact of 
copper with zinc alloys containing copper in large amounts 
is very feeble, never exceeding .o8 volt when immersed in 
sea water. A long series of experiments was made, immers- 
ing hard and soft copper and various copper alloys in different 
saline solutions, from which it is shown that the harder the 
metal the more susceptible it is to corrosion or to solution, that 
the relative order of the solution tensions of metals varies 
with the liquid in which the metal is placed; but that in 
every case the corrosive action is increased by the presence of 
carbonic-acid gas. In this connection the discussion brought 
forth descriptions of the rapid failure of condenser tubes due 
to lodgmeut of particles of cinder, ash and coal, or other 
forms of carbon in the tubes. The obvious manner of avoid- 
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ing troubles due to lodgment of gas-producing solids is to so 
locate suctions that they are well clear of ash discharges, 
have pipes, condenser tubes, etc., as straight and with as few 
pockets as possible, then increase the velocity of flow to the 
point where all silt or solid matter will be scoured out and 
swept through pipes or tubes. 

The small electromotive-force difference above referred to 
(.08 volt) is the only force tending to produce electrolysis be- 
tween elements of different composition, however slight, 
within the same pipe or tube, due to differences of metal, 
method of manufacture or working, or to slight local differ- 
ences of alloy composition, if we except the effect of vagrant 
electric currents due to grounds on the ship. 

If we accept the electrolytic theory of corrosion we must, 
to account for the rapid deterioration of copper pipes and cop- 
per alloys aboard ship, show a more powerful force setting up 
electrolytic decomposition and deposition than the insignifi- 
cant potential difference (.08 volt, maximum) existing between 
a small copper element and an alloy element in the walls of a 
copper pipe. In general discussions, such as occur in ward- 
rooms, it is sometimes held that if grounds in the ship caused 
electrolytic action the steel, being electro-positive, would be 
attacked and the copper pipes would be immune or possibly 
have iron plated out on them. This is valid reasoning if one 
is justified in the assumption that each metal, the steel plat- 
ing on the one hand and the copper pipe on the other, is so 
pure that all other possible electrolytic couples are thereby 
eliminated. A glance at Dr. Cushman’s specimen of com- 
mercially homogeneous iron or steel imbedded in a culture 
rich in phenol-thalien as an indicator, which shows by color 
reaction what is taking place due to electro-chemical differ- 
ences in the purest obtainable steel, shows that the above 
assumption is untenable. 

It is shown in the discussion by the members of the Insti- 
tute of Metals that the tubes of a condenser were protected 
and their life materially lengthened by making electric con- 
tact from the main injection pipe to the overboard discharge 
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pipe with a large capacity cable, thus electrically short cir- 
cuiting the condenser. This was the main condenser of an 
electric-power plant in which there were known to be serious 
grounds. 

From the above case, from our own experience and observa- 
tion, and the experience of a large number of officers in the 
service, we offer the opinion that theory No. 4, vagrant 
electric currents escaping from the electric plant of the ship, 
furnish both the cause and the E.M.F. that produces by far 
the greater part of the rapid destructive copper, copper-alloy 
corrosion that occurs on board our ships. It is admitted at 
the outset that the fact that the ship is purposely made the 
ground for the wireless has no direct bearing or effect ; since 
its E.M.F., and consequently its current is alternating, there 
can be no injurious effect other than the possibility of this 
alternating effect assisting a D.C. current to flow where other- 
wise the resistance was too great for it to be established or 
maintained by the sinall direct E.M.F. due to leaks from the 
plant. 

It is a matter of common experience and observation that 
copper pipes most frequently fail at or near bends; one side 
or other, sometimes both sides, of flanges. It occurs so fre- 
quently next to flange at outboard end of line where suction 
pipe connects to stool pipe as to give rise among certain offi- 
cers to the belief that the corrosion is, or may be, due to 
thermo-electric effects. 

The location of the most destructive corrosion is where 
one would expect it, reasoning from the first three theories. 
The greatest differences in character of metal, due to working, 
are formed at bends and flanges. The greatest differences in 
composition are found near flanges due to brazing material, 
and the most active liberation of corrosive gases would natu- 
rally be at or near bends. Therefore postulate No. 4 is needed 
only to account for the rapidity of corrosion. The theory is 
that vagrant currents will take naturally the easiest path, that 
the copper pipe, where it is straight and continuous, offers 
this path, that at a flange the resistance is enormously in- 
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creased, due to discontinuity of pipe and interposition of gas- 
ket, so that the current finds its easiest path through the salt 
water by the joint. It leaves the pipe just short of one flange 
and reenters metal of pipe just beyond the joint; the point, 
of leaving becoming the positive pole, the metal there going 
into solution and plating out further along the pipe or being 
swept out altogether. It is believed that some such action 
takes place at bends. So far as we know, nothing practical 
has ever been done to test this theory. The theory is given 
and the hope expressed that some engineer officer on a ship 
in commission will do something that will tend to prove or 
disprove it. With two similar or exact pipes doing as nearly 
as possible the same duty, one might have an uninsulated 
copper conductor of large capacity laid parallel, with one end 
in close mechanical contact with the pipe outboard of out- 
board flange and other end connected to pump or whatever 
pipe is attached to; or copper sleeve might be slipped over 
each joint, making electric contact with the pipe each side of 
flange, while no such precautions were taken with the similar 


pipe, long observation ought to give an indirect proof or 
determination. 


With a Siemens-Hawlske thermocouple galvanometer and 
proper leads and contacts it ought to be possible to determine 
any potential differences from point to point in the body of a 
pipe, also the direction of current—at least such difference as 
would be produced by grounds—and from these determina- 
tions see whether corrosion does always, or usually, occur on 
the positive side of an interposed resistance. 


SUMMARY. 


Copper and brass corrosions are due probably to: 

(1.) Methods of manufacture. 

(2.) Selective chemical action. . 

(3.) Corrosion resulting from chemical action set up or pro- 
moted by electrical conditions resulting from the presence, 
side by side, in the alloy, of different components, containing 
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the constituents of the alloy in varying proportions, or from 
the presence of included impurities. 

(4.) The effect of vagrant electric currents escaping from 
the electrical equipment. 


TO PREVENT OR LIMIT CORROSION. 


(1.) Uniformity, physical and chemical, in copper and cop- 
per alloys is necessary. : 

(2.) Prevent entrance of sewage, carbonic-acid gas, ashes or 
coal; if latter cannot be prevented, make pipes and tubes as 
straight and free of pockets as possible, and increase velocity 
of water so that they will be scoured out. 

(3.) Eliminate or minimize grounds if the theory of va- 
grant currents be accepted. 

If this be not accepted make tests on board ship to prove 
or disprove its validity; those suggested above, as well as 
others that will suggest themselves to the practical investi- 
gator. 


DESTROYERS SM/7TH AND LAMSON. 


DESCRIPTION AND TRIALS OF U. S. TORPEDO- 
BOAT DESTROYERS SMITH AND LAMSON. 


By W. B. Rostns. 


Torpedo-boat destroyers numbers 17 and 18, the Joseph 
B. Smith and Roswell H. Lamson, were provided for by Acts 
of Congress approved June 29, 1906, and March 2, 1907, and 
were among the first five destroyers of the same date in the 
United States Navy to be equipped with turbine propelling 
machinery. 

The contract for these vessels, signed October 10, 1907, 
called for delivery within 24 months, the contractors being 
The William Cramp & Sons Ship and Engine Building Com- 
pany, Philadelphia, Penna. The contract time for the Smith 
was extended to November 24, 1909, and for the Lamson to 
January 27, 1910, the date in each case of delivery at the 
Navy Yard, Philadelphia. The Smith was launched April 
20, 1909, and the Lamson June 16, 1909. 

The general requirements of the contract were as follows: 

Displacement, 700 tons. 

Speed on four-hour full-speed trial, 28 knots. 

Weight of machinery (including contained water), 275 
tons. 

Trials—(a) A progressive trial over a measured-mile 
course in water not less than 30 fathoms deep for standardiz- 
ing the screws, extending from maximum speed down to a 
speed of 12 knots; about twenty runs to be made over the 
course in order to adequately cover the range of speed desired. 

(b) A full-speed (28 knots) four-hour trial, air pressure 
not to exceed an average of 5 inches of water, steam pressure 
at high-pressure turbine not to exceed 240 pounds above at- 
mosphere, and water consumption not to exceed 15.5 pounds 
per H.P. per hour. 
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(c) A twelve-hour trial at 24 knots, water consumption 
not to exceed 17.3 pounds per horsepower per hour. 

(d) A twenty-four hour trial at 16 knots, water consump- 
tion not to exceed 27.3 pounds per horsepower per hour. The 
requirement for the duration of this trial was reduced to 12 
hours. 

The horsepower used for computing water consumption 
on trials to be the shaft horsepower of the main turbines plus 
the indicated horsepower of all engine-room auxiliaries in use 
except the evaporating and distilling plant, the water for which 
is to be excluded from the measurement. 

The contract price for each vessel was $585,000.00, of 
which $325,250.00 was allotted for machinery. 


GENERAL DESCRIPTION OF THE VESSEL. 


Hull.—The hull is of steel, the shell and frame galvanized 
below the water line. The sheer strake is of 15 pounds plate 
amidships, tapering to 8 pounds at the ends; the garboard 
strake is 13 pounds, tapering to 7 pounds at the ends; and the 
remainder of the shell plating is 10 pounds amidships, taper- 
ing to 7 pounds at the ends, except one strake, which is 94 
pounds tapering to 6 pounds. The main deck stringer plate 
is 17$ pounds amidships, tapering to 8 pounds at the ends, 
and the remainder of the main deck plating is 10 pounds, 
tapering to 6 pounds. 

The main deck runs the full length of the vessel, a raised 
forecastle deck running about one-quarter of the length aft 
from the bow. A berth deck extends forward and aft of the 
machinery space. 

On the forecastle deck are located the anchors and anchor 
davit, capstan, a 3-inch semi-automatic gun on the center line, 
pilot house with bridge on top, and two .30-caliber automatic 
guns. The steering engine is located in the pilot house. 

The space on the main deck, under the forecastle, contains 
the officers’ quarters, galley, crew’s wash room, lamp room, 
and paints and oils room; in the latter is located the windlass 
engine. 
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On the main deck, immediately abaft the forecastle, two 3- 
inch semi-automatic guns are placed, one on each side. Abaft 
these are stowed four small boats. 

Amidships on the main deck are two torpedo tubes, one on 
each side, with boxes for stowing two torpedoes just forward 
of the engine hatch. Abaft the engine hatch there is a 3-inch 
semi-automatic gun on the center line of the vessel, and a 
small deck house containing crew’s toilet and wash room and 
a companionway to the berth deck. Abaft the deck house is 
placed a torpedo tube on the center line of the vessel, the tor- 
pedo for this tube being stowed in a box alongside the deck 
house. 

On the main deck away aft are a 3-inch semi-automatic 
gun on the center line, the tiller, and a hand steering gear. 

On the berth deck forward and aft are storerooms and 
quarters for crew, chief petty officers and petty officers. Be- 
low the berth deck, forward of the machinery space, are 
trimming tanks, chain locker, storerooms, fresh-water tanks, 
magazines, handling room, and reserve feed-water tank. Be- 
low the berth deck aft are reserve feed-water tank, magazine 
for war heads, handling room, magazine, shaft alleys, store- 
rooms, and trimming tanks. 

The machinery and coal space occupies nearly one-half the 
length of the vessel. There are two boiler rooms with coal 
bunkers outboard, and one engine room the full width of the 
vessel. There is also a coal bunker between the forward and 
after boiler rooms, and one between the after boiler room and 
the engine room. 


Particulars of Hull. 


Length between perpendiculars, feet and inches 
over all, feet and inches 
on load water line, feet and inches.......... snensencabodysincunouets 
of straight keel, feet and inches 
Breadth, molded, extreme, feet and inches 
extreme, over plating, feet and 
over guards, feet and inches 
Depth, molded, main deck at side, M. S. No. 824, feet and inches, 
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Draught above bottom of keel, feet and inches 
Ratio of length to beam at L.W.L 
Displacement, normal, 8 feet of inch draught, tons 
per inch at 8 feet 04 inch draught, tons. 
Area of immersed midship section, square feet 
L.W.L. plane, square feet 
wetted surface, square feet 
¢i 7 of L..W.L,. plane, aft of M. S., No. 824, feet.............. 
B. above bottom of keel, feet 
forward of M. S., feet... sa 
Transverse metacenter above B, fect... 
Longitudinal metacenter above C. B., fest... 
Coefficient of fineness, block 
midship section 


cylindrical 
Number of frames, spaced 21 inches throughout. ............2ssse0eee i 
watertight compartments... 


Fleights above 8 feet o§ inch W.L. 


Foremast, feet and inches 
Mainmast, feet and inches 
Bridge at center, frame 37, top of beam, feet and inches 
side, frame 37, top of beam, feet and inches............... - 
Top of forecastle deck at stem, feet and inches 
Main deck at stern, feet and inches.. al piaiaee 
Height of bridge at center above fetvanatte deck, ‘feet and inches, 7-06 


Capacities of Fresh-Water Tanks. 


Compartment. 


Capacities of Reserve-Feed Tanks. 


Gallons. Tons F. W. Tons S. W. 
7-51 


Capacities of Trimming Tanks. 


Gallons. Tons F, W. Tons S. W. 


> 8-004 
11.1026 
700.0 
11.85 
135-3 
4,982.0 
7,382.0 
; 1.8 
5-14 
0.13 
8.12 
822.0 
0.407 
0.649 
| 0.627 
28 
Gallons. Tons F. W. 
Compartment. 
Compartment. 
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Small Boats. 


2 20-foot whale boats. 
1 17-foot dory. 
1 20-foot 10-inch power dory. 


Battery. 


3 5-meter X 45-centimeter deck torpedo tubes. 
5 3-inch (14-pounder) semi-automatic 50-caliber guns. 
2 .30-caliber automatic guns. 


COMPLEMENT. 


Commanding officer 
Wardroom officers 
Seamen’s branch 
Engine-room branch 
Special branch 
Commissary branch 
Messmen’s branch 


MACHINERY. 


Main Turbines.—There are five ahead turbines and two 
backing turbines, all of the Parsons type, arranged on three 
shafts. The main high-pressure turbine is on the center shaft; 
the intermediate cruising, one low-pressure and one backing 
turbine on the starboard shaft; the high-pressure cruising, one 
low-pressure and one backing turbine on the port shaft; the 
backing turbines being enclosed in the low-pressure casings. 
The turbines were designed to run at about 775 r.p.m. at full 
speed with steam at 250 pounds per square inch at the main 
high-pressure turbine, the equivalent I.H.P. to be about 
10,000. 

The turbine arrangement, blading of rotors and combina- 
tions for different speeds are as shown on plate I. 

The turbine casings are all of cast iron, divided in halves 
along their horizontal axes, the upper halves being removable 
for examination and repair of blading, etc. 
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The rotors consist of forged-steel drums, cast-steel end 
wheels and forged-steel spindles. The end wheels are shrunk 
on and pinned to the spindles and the drums shrunk on and 
pinned to the end wheels. The blading is all of rolled brass 
of special composition, being held in place in grooves in the 
cylinders and rotors by packing pieces which are caulked into 
small grooves in the sides of the main grooves. The blades, 
except some of the shortest lengths, are stiffened by a bind- 
ing strip passing around each row near the ends of the blades, 
the strip being laced to the blades by copper wire soldered on 
with silver solder. 

The dummy rotors are steel castings secured to the rotor 
drums and running in cast-iron dummy rings bolted to the 
turbine casings. The dummy packing is of the usual Parsons 
labyrinth type. The designed dummy clearances in a fore- 
and-aft direction are as follows: Main H.P., .015 inch; L.P., 
.02 inch; H.P. cruising, .015 inch; I.P. cruising, .015 inch. 
The maintenance of the proper dummy clearance being an im- 
portant feature in the operation of this type of turbine, a mi- 
crometer is fitted to each turbine for measuring this clear- 
ance. The micrometers work through stuffing boxes in the 
turbine casings, so that the clearances may be determined 
while the turbines are running. 


Turbine Cylinder Data. 


Number of rows of blades fcr 


Rotor 
each stage. i: 


drum. 
Cylinder. 


| Diameter of cylinder for each stage. 


H.P. cruising...| 30 | 509! 303) 31 | 314 ove | | | 
I.P. cruising.....| 29 | 584| 309] 314) 32 J | | | | | 16 | 16 | | | | | 
Main H.P.... | | co | 


wn 


and port......| 44 | 62 | 48 | 52 | 54|59|59/59| 5| 5 
Astern, starbd. 


Turbine Drains—From the bottom, near each end of the 
main H.P. and cruising turbine casings, 1-inch drain pipes 
lead to manifolds from which 2-inch pipes lead to drain pock- 
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ets at bottom of the after ends of the L.P. turbines. From 
these pockets the water is drawn, through 24-inch pipes with 
check valves, by the main air pumps. 

Turbine Relief Valves—On the exhaust end of the main 
H.P. turbine and each cruising turbine there is a 24-inch 
spring-loaded relief valve, the valve on the main H.P. being 
set at 50 pounds and those on the cruising turbines at 110 
pounds. On the inlet end of each L.P. turbine there is a 34- 
inch spring-loaded relief valve set at 50 pounds. 

Shafting.—Each system of shafting comprises the rotor 
spindles, two sections of line shaft and one propeller shaft. 
All shafting, except the rotor spindles, is solid. The thrust 
collars are on the forward rotor spindles. The couplings be- 
tween the low-pressure and cruising-turbine rotor shafts are 
of special design, allowing independent fore-and-aft move- 
ment of the shafts to provide for expansion and to permit the 
adjustment of the rotors for dummy clearance. The coup- 
lings at the forward ends of the fropeller shafts are of the 
removable disc and split-collar type to allow the shafts to be 
withdrawn outboard. All other shaft couplings are of the 
usual flange-and-bolt type. 


Particulars of Shafting. 


Rotor shafts : Forward. 
Main H.P. turbine. 
Diameter, inches 
of hole, inches 
Length, feet and inches. 
L.P. and astern turbines. 
Diameter, inches.. . 
of hole, inches 
Length, feet and inches. 
H.P. cruising turbine. 
Diameter, inches 
of hole, inches 
Length, feet and inches 
I.P. cruising turbine. 
Diameter, inches. 
of hole, inches. 
Length, feet and inches 
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Line shafts: W.ng (each). 


Length, feet and 


Diameter of coupling flanges, inches......... 114 1It 
Thickness of coupling flanges, inches........ 1} 14 
Number of taper coupling bolts, 1¢ inches 

mean diameter 8 8 

Propeller shafts : 

Diameter, eee 64 64 
Length, feet and 42-3+ 42-34 


Diameter of threaded end for propeller nut, 
Thickness of brass sleeves at bearings, ins.. 
Length of shafting from flange at after end 


of rotor shaft, feet and inches........ fates 89-14 66-9 
Starboard. Center. Port. 


Total length of shafting, including rotors, 
feet and inches. 94-11f 101-8} 94-13 


Bearings.—Each turbine has two main bearings, one at 
each end, with a thrust bearing at the extreme forward end. 
Each main bearing consists of two composition babbitt-lined 
half-brasses and a cast-iron cap, the bottom brass being set 
in an extension of the cylinder casting. Each thrust bearing 
consists of two forged-steel half thrust blocks, and a number 
of composition half rings as given below, and a cast-iron cap, 
the lower half thrust block being set in an extension of the 
cylinder casting. The lower half thrust block takes the ahead 
thrust and the upper the astern thrust, when there is any 
thrust ; the dummies being so proportioned that when the tur- 
bines are running at their designed speed and power the steam 
thrust is approximately equal to the propeller thrust. 

The thickness of the thrust rings is 1/16 of an inch less 
than the space between the collars on the shaft, and the two 
half thrust blocks are adjusted in fore-and-aft relation to 
each other so that the rings in the lower half bear against the 
torward sides, and those in the upper half against the after 
sides of the thrust collars on the shaft. 

The center line shafting has three steady bearings and two 
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stern-tube bearings. Each line of wing shafting has one 
steady bearing, two stern-tube bearings and one strut bear- 
ing. The steady bearings and their caps are cast iron, babbitt 
lined, and all are fitted with stuffing boxes to prevent the es- 
cape of oil. The stern-tube and strut bearings are of the usual 
naval type, of composition lined with lignum-vitae. 


Particulars of Bearings. 
Number, each 2 2 
Diameter, inches 64 
Length, inches 
Thrust bearings : 
Collars on shaft. 


Thickness, inch...... 

Space between, inch 

Outside diameter, inches 

Inside diameter, inches 

Bearing surface, square inches 
Thrust rings : 

Number, ahead 


Thickness, inch....... 
Outside diameter, inches 
Inside diameter, inches 
Effective surface, ahead, sq. in 253.0 i : 253.0 
astern, sq. in..... 233.0 4 . 233.0 
Steady bearings : ing. Center. 
Diameter, inches........... 64 
Length, inches 11% 
Stern-tube bearings : 
Forward bearing. 
After bearing. 
Length, 36;'; 
Strut bearing. 
Length, 


: - 
of o8 o}} 

5% 5% 5% 
; 211.0 211.0 506.0 
23 7 7 13 

| | 
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PROPELLERS. 


The three propellers are of the three-bladed, true-screw 
type, and are solid manganese-bronze castings, the faces of 
the blades being machined. The propellers were measured 
after being machined and were found to be true screws. 


As used on 


Propeller Data. 
official trial. 


Number of blades, 
Diameter, feet and inches 
Projected area, square feet 
Disc area, square 
Ratio, pitch to diameter, 
projected area to disc area 
Thickness of blade at root, inches 
Width of key (two for each propeller) inches..................csssseeeeeres 
Height of lower tip of blade above keel, wing, inches 
Depth of lower tip of blade below keel, center, inches.. osesens 
Immersion of upper tip of blade at 8 feet of inch draught, wing, a 
center, ins.. 
Center of center propeller aft of wing propellers, feet and inches.... 
below wing propellers, feet and inches... 


On the builders’ first trial of the Smith it was found that 
the revolutions of the turbines were below the designed rate, 
and as the slip was also moderate, the area of the propellers 
was reduced by taking one inch off the tip of each blade, mak- 
ing the diameter 4 feet 10 inches instead of 5 feet. This al- 
teration was also made to the propellers of the Lamson. 


MAIN CONDENSERS. 


There are two main condensers of oval, flat-sided section 
with the long axis vertical, located outboard alongside the 
low-pressure turbines. ‘The shells are of steel plate, stiffened 
by angles and stay rods. The heads are of sheet copper, with 
brass flanges. The tube sheets are of rolled naval brass and 
the tubes of composition: copper, 70; tin, 1; zinc, 29. The 
tubes are packed at the tube sheets with special cotton-tape 
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packing held in place by screwed ferrules, and are supported 
at two intermediate points by steel diaphragms with brass fer- 
rules through which they pass. 


Particulars of One Condenser. 


Length between tube sheets, feet and inches 
Height of shell, inside, feet and inches 
Breadth of shell, inside (mean), feet and inches 
Thickness of shell plates, sides, inch............. pémeenniaopsatncesetbanance 
top and bottom, inch............. 
tube sheets, inch 


Thickness of tubes, B.W.G., number. 

Cooling surface, square feet.........+. 

Diameter of circulating-water inlet, inches 
outlet, inches 

Length of rectangular exhaust-steam inlet, feet and inches......... 

Breadth of rectangular exhaust-steam inlet, feet and inches........ 

Diameter of main air-pump suction nozzle, inches 


MAIN AIR PUMPS. 


There are two main air pumps of the Blake vertical-beam 
type, each pump having one steam cylinder and two pump 
cylinders. They are located at the after end of the engine 
room, close to the center line of the ship. The pump cylinders 
are of the bucket type. 


Particulars of One Main Air Pump. 


Diameter of steam cylinder, inches............. 
pump cylinders, inches 
Stroke of all pistons, inches 
Diameter of suction nozzle, 
discharge nozzle, inches 
steam pipe, inches. 
exhaust pipe, 


MAIN CIRCULATING PUMPS. 


There are two single-inlet centrifugal circulating pumps 
driven by single-cylinder vertical steam engines. They are 
located at the outboard sides of the engine room, forward of 
the condensers. 


14-00 
6-07! 
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Particulars of Main Circulating Pump. 


Width of impeller at tip of blades, inches...... .........:::ssccseeeceneeeseeeeees 034 


BOILERS. 


There are four Mosher water-tube coal-burning boilers ar- 
ranged in two firerooms, each boiler having its own smoke pipe. 
Each boiler has one cylindrical steam drum and two semi- 
cylindrical water drums. The steam drum is made of two 
plates, the plate forming the lower half, into which the tubes 
are expanded, being 14 inches thick, and the plate forming 
the upper half being 9/16 of an inch thick. The inner plates 
or tube sheets of the water drums are 1 inch thick and the 
outer plates are 7/16 of an inch thick. 
The tubes are all slightly curved, so that all may be with- 
drawn through a number of holes in the upper part of the 
steam drum, these holes being closed by steel bolts having 
countersunk heads inside the drum bearing on copper fer- 
rules, and nuts with steel washers on the outside of the drum. 
The tubes of the inner row on each side are bent between 
those of the next row, forming a wall on each side of the fire 
extending from the back of the grate to within 2 feet 3 inches 
of the front. 
The flow of the products of combustion is through the 
openings at the front of the tube walls, then back among the ; 
tubes to the uptake at the back of the boiler. The feed water . 
enters the steam drum at the front end near the bottom and 
passes through two 2-inch brass pipes to the rear part of the 
drum where it is discharged through perforations in the pipes. 
The normal water level is at the center of the steam drum. 
The boilet casings consist of an outer casing of No. 16 
U. S. S. G. steel plate and an inner casing of No. 14 U. S. 
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S. G. steel plate, between which is 1 inch of asbestos felt. The 
furnaces are lined at the front and back and at the sides up 
to the water drums with fire brick 24 inches thick. The air 
for combustion enters through doors on all four sides of the 
ash pan. There is an air space between the casing and the 
fire-brick lining at the front and back of the furnace, from 
which air is admitted through holes to the furnace above the 
fire, this air space being open to the ash pan at the bottom. 
The grate bars are of cast iron in three lengths for each 
boiler. There are four 16-inch by 18-inch furnace doors on 
each boiler. 


Particulars for One Boiler. 


Length of steam drum, feet and inches 
Inside diameter of steam drum, inches. 
Thickness of steam drum, tube sheet, inches .............+0+.. 
top plate, inch 
front head, inch 
back head, inch 
Radius of curvature of steam-drum heads, inches 
water drum (semi-cylindrical), inches 
Thickness of water-drum tube sheet, inch 
outer plate, inch...... 
front head, inch 
back head, inch 
Radius of curvature of water-drum heads, inches.................000++ 
Number of tubes (seamless, cold-drawn steel) ........... 
Thickness of tubes B.W.G., number 
Length of longest tube, feet and inches 
Radius of curvature of longest tube, feet and inches 
Length of shortest tube, feet and inches 
Radius of curvature of shortest tube, feet and inches 
Heating surface, one boiler, square sees 
Total heating surface, four boilers, square feet 18,003.40 
Length of grate, feet and inches 8-044 
Width of grate, feet and inches 11-00 
Per cent. of air space in grate 49 
Grate surface, one boiler, square feet 92.125 
Total grate surface, four boilers, square feet 368.5 
Ratio of heating surface to grate surface 48.86 :1 
Area of smoke pipe, square feet........ 13.45 
Ratio of grate surface to smoke-pipe area 6.85 :1 


| 
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External length of boiler, feet and inches.............scssesssseeeeeeeeees 


width of boiler, feet and inches. 15-034 

height of boiler, feet and 11-07}3 
Designed working pressure, pounds per square inch............:.s6. 250.0 
Weight of one boiler complete, dry, pounds..........c0.ssssseseseeeeeeee 


with water at steaming level and tempera- 

with water at steaming level ae tempera- 

ture, 


Each boiler is provided with the following fittings : 
1 14-inch fire extinguisher. 

2 2-inch internal feed pipes. 

1 24-inch combined main and auxiliary feed stop and check 
valve. 

1 64-inch dry pipe. 
64-inch steam stop valve. 
14-inch internal surface-blow pipe with scum pan. 
14-inch surface-blow valve. 
14-inch internal bottom-blow pipes in water drums. 
1}-inch bottom-blow valves. 
34 12-inch by 6-inch by 4 inch zines. 

1 4-inch duplex spring-loaded safety valve. 

2 Klinger reflex water gauges, 104-inch, exposed length. 

3 try cocks. 

2 1-inch drain cocks. 

1 steam gauge, 6-inch dial. 

There is a system of pipes for blowing soot from the boiler 
tubes, these pipes having connections for the use of either 
steam or compressed air. 


UPTAKES AND SMOKE PIPES. 


The uptakes are made of two thicknesses of plate with 24 
inches of air space between. There are four smoke pipes of 
tlat-sided oval section, the long axis being fore-and-aft. The 
smoke pipes are raked aft 4 inches, the rake beginning about 
inches above the deck. 
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Particulars of Smoke Pipes. 


Long diameter, inside, feet and inches 
Short diameter, inside, feet and inches 
Long diameter, outside, feet and inches 
Short diameter, outside, feet and inches 
Height above base line, feet and inches 
grate, feet and inches 

Area of cross section, inside, square feet 
Ratio of grate surface to smoke-pipe area 


Owing to extreme discomfort at times during trials, caused 
by large quantities of soot and cinders from the fires falling 
on deck and in hatches, the height of the smoke pipes was in- 
creased eight feet after the vessel was delivered. 


MAIN STEAM PIPING. 


All main steam piping is of seamless-drawn steel with 
wrought-steel flanges. For sizes up to 54 inches the pipes are 
rolled into the flanges, each flange having three grooves and a 
slight counterbore. For sizes 6-inch and above the pipes are 
welded to the flanges. 

There is a 64-inch branch leading from the stop valve on 
each boiler. The branches from the two forward boilers 
unite in one 9-inch pipe running aft along the starboard side 
to the engine-room bulkhead. The branches from the two 
after boilers unite in one 9-inch pipe running aft along the 
port side to the engine-room bulkhead. 

All the valves controlling the steam to ahead and astern 
turbines are grouped at the working platform at the extreme 
forward end of the engine room according to the arrange- 
ment shown on Plate IJ. There are two 9-inch stop valves 
taking steam from the fireroom mains. From each of these 
valves, there is a branch leading to the 12-inch main throttle 
valve and a branch leading to the maneuvering and cruising- 
turbine valves. The steam from the 12-inch throttle valve 
passes through a strainer of perforated sheet brass and di- 
vides into two 84-inch pipes leading to the main high-pressure 
turbine. 
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On the branch from the starboard 9-inch main stop valve 
there are the following valves: 8-inch steam to astern tur- 
bine; 6-inch maneuvering steam to L.P. ahead turbine; 8-inch 
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Plate Il. 
ARRANGEMENT OF VALVES AT WORKING PLATFORM. 


steam to I.P. cruising turbine (high cruising speed) ; and 34- 
inch bleeder to main condenser. 

On the branch from the port 9-inch main stop valve there 
are the following valves: 8-inch steam to astern turbine; 6- 
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inch maneuvering steam to L.P. ahead turbine, and 5-inch 
steam to H.P. cruising turbine (low cruising speed ). 

All throttle and maneuvering valves are fitted with extra- 
large hand wheels to insure ease and rapidity of operation. 
All steam pipes to turbines are fitted with perforated sheet- 
brass strainers to prevent the entrance of any substance which 
might injure the blading. These strainers also act to a cer- 
tain extent as separators to dry the steam. 


RECEIVER PIPING. 


From the main high-pressure turbine there are two 16-inch 
branches with spring-loaded non-return valves leading to the 
low-pressure turbines. From the H.P. cruising turbine there 
is a 9-inch receiver pipe with a screw-down non-return valve 
Icading to the I.P. cruising turbine. From the I.P. cruising 
turbine there is a 13-inch receiver pipe with screw-down non- 
return valve leading to the main H.P. turbine. 


MAIN EXHAUST PIPES. 


The main exhaust pipes from the L.P. turbines to condens- 
ers are rectangular trunks, built up of steel plates and shapes. 


Length of exhaust opening in L.P. turbine, feet and inches......... ‘ 3-11 
Breadth of exhaust opening in LP. turbine, feet and inches.......... 3-03 
Area of exhaust opening in L.P. turbine, square inches 


As an indication of the extent to which the expansion of 
steam is carried out in this type of turbine, it may be of in- 
terest to compare the ratio of area of main steam inlet to main 
exhaust outlet with the corresponding ratio in a reciprocating 
engine for the same class of vessel. In the U. S. S. Bain- 
bridge, one of the latest destroyers having reciprocating en- 
gines, the ratio of main steam inlet to main exhaust outlet 
is 1: 8, while in the Smith and Lamson the corresponding ratio 
is 1: 32. 
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AUXILIARY STEAM PIPING. 


The auxiliary steam pipe in the engine room consists of a 
loop of 34-inch pipe leading completely around the engine 
room, with branches to various auxiliaries, steam supply be- | 
ing taken from connections below the seats of the 9-inch main 
steam stop valves at the forward end of the engine room. In 
each fireroom there is a 24-inch auxiliary steam pipe leading 
athwartship, with branches to the various auxiliaries, taking 
steam from the main steam branch from the forward boiler in | 
each fireroom. There is also a 2-inch connecting pipe between } 
the auxiliary steam systems of the two firerooms. 
Steam Piping to Turbine Glands.—Steam for the turbine i 
glands is supplied by a 14-inch branch from the auxiliary 
steam line. There is a reducing valve at the connection from 
the auxiliary steam line reducing the pressure to two pounds 
per square inch. There is a separate branch with valve to 
each gland, and the main supply pipe is fitted with a relief 
valve at its after end, with branches discharging to the fifth 
expansion of the L.P. turbines. 


AUXILIARY EXHAUST PIPING. 


The exhaust-pipe branches from the various auxiliaries lead 
into an auxiliary exhaust main running through the firerooms 
and continuing in a loop around the engine room. In the en- 
gine room there are connections for directing the auxiliary 
exhaust into the starboard main condenser, the port L.P. tur- 
bine, the auxiliary condenser, or the feed-water heater. The 
dynamo turbine has an independent exhaust to the starboard i 
main condenser. The auxiliary exhaust line has a connection 
to the escape pipe in the after fireroom for exhausting to the 
atmosphere. 
WHISTLE AND ESCAPE PIPES. 


There is a 54-inch escape pipe on each smoke stack, leading 
from the safety valve on the boiler, the after escape pipe hav- 
ing a connection from the auxiliary exhaust. On the forward 
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side of the forward smoke stack there is a whistle with 6-inch 
diameter bell and 14-inch steam connection. 


MAIN INJECTION AND OUTBOARD DELIVERY PIPING. 


Each main circulating pump draws from the sea through 
a 15-inch angle valve and discharges through a 15-inch copper 
pipe to the forward end of the main condenser. There is also 
a 7-inch valve on each main circulating pump with suction 
pipe from the engine-room bilge. At the after end of each 
main condenser there is a 15-inch copper pipe leading over- 
board througlt a 15-inch gate valve. 


MAIN AIR PUMP SUCTION AND DISCHARGE. 


Each main air pump draws from its condenser through a 
94-inch pipe with gate valve at the pump. There is a 6-inch 
cross-connection pipe with gate valve between the suction 
pipes from the two condensers. There is a 1-inch connection 
from the reserve feed-tank suction pipe to the port main air- 
pump suction for make-up feed. There is a 24-inch connec- 
tion from turbine cylinder drains on each main air-pump suc- 
tion. Two 63-inch discharges from the air pumps unite in 
one 9-inch pipe leading to the main feed tank. This pipe was 
fitted with temporary connection to the feed-measuring tank 
on deck for use during the trials. 


FEED PIPING. 


There is a feed-suction pipe from the main feed tank at the 
after end of the engine room, leading through the engine room 
and both firerooms. This pipe is 64 inches in diameter from 
the feed tank as far as the auxiliary feed pump in the after 
fireroom, forward of which it is 43 inches in diameter. There 
is a 3-inch connection at each end of the feed-suction line from 
the forward and after reserve feed tanks respectively. Each 
main feed pump has a 6-inch suction from the feed-suction 
line and the after main feed pump has also a 24-inch suction 
from the main air-pump suction pipe. 
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Two 44-inch discharges from the main feed pumps unite in 
one 5-inch pipe leading to the firerooms, with connections for 
discharging through the feed heater or by-passing direct to 
the boilers. The main feed line is 5 inches in diameter as far 
as the branch to the after boilers, forward of which it is 34 
inches in diameter. The branch to each boiler is 24 inches in 
diameter. Each auxiliary feed pump has a 44-inch suction 
trom the feed-suction line and a 34-inch discharge, dividing 
into two 24-inch branches to the boilers in its compartment. 


FEED—WATER HEATER. 


At the forward end of the engine room, close to the main 
feed pumps, there is a cylindrical feed-water heater. The feed 
water passes through the tubes and the exhaust steam is ad- 
mitted to the shell around the tubes. The shell is built up of 
steel plates, the heads of cast steel and the tubes and tube 
sheets of brass. The tubes are expanded into the tube sheets 
and expansion is provided for by a copper ring joining the 
two parts of the shell. The drain from the feed-heater shell 
has connections to port main condenser, auxiliary condenser 
and feed tank. 


Particulars of Feed-Water Heater. 


Thickness of shell, inches... 
Length between tube sheets, feet and inches. 
Diameter of tubes, outside, 
Thickness of tubes, B.W.G., 
Diameter of feed-water inlet, 

Heating surface, square feet 


FEED PUMPS. 


There are two main feed pumps on the port side near the 
forward end of the engine room. They are of the Blake ver- 
tical simplex piston type. 
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Particulars of Main Feed Pump. 


Diameter of steam cylinder, inches................+ 
pump cylinder, inches................+. 

Stroke of pistons, inches... 

Diameter of suction nozzle, inches...............0s0-00++ 


There are two auxiliary feed pumps, one in each fireroom 
They are of the same dimensions as the main feed pumps, ex- 
cept that the suction and discharge nozzles are 4$ and 34 
inches in diameter, respectively. On the delivery side of each 
main and auxiliary feed pump there is a 24-inch spring-loaded 


relief valve, discharging into the pump suction. 


FEED AND FILTER TANK. 


There is a galvanized sheet-steel feed tank of 650 gallons 
capacity in the after end of the engine room, the upper part 
being fitted as a filter with two filter compartments through 
which the water flows successively. 


FEED MEASURING APPARATUS. 


During the trials the discharge from the main air pumps 
was led to a calibrated measuring tank on deck, from which 
it was discharged by gravity to the feed tank in the engine 
room. The measuring tank was made with two compartments 
of 2,745 pounds capacity each, and the discharge pipe from 
the air pumps was fitted with a swivel connection allowing 
the flow to be directed alternately into the measuring com- 
partments, each compartment being provided with a discharge 
valve at the bottom. 


ENGINE ROOM FIRE AND BILGE PUMP. 


In the forward part of the engine room, on the starboard 
side, there is a Blake vertical simplex piston fire and bilge 
pump. This pump has connections to draw from the sea, the 


i] 
144 
10 
6 
2 
24 
ki 
i} 
| 
| 
| 


DESTROYERS SM//H AND LAMSON. 879 


engine-room bilge and the drainage system, and to discharge 
to the sea, the fire main and the distiller circulating system. 
There are 14-inch hose connections on both suction and dis- 
charge, and a 14-inch spring-loaded relief valve on the dis- 
charge. 


Particulars of Engine-Room Fire and Bilge Pump. 


pump cylinder, inches... 7 


FIREROOM FIRE AND BILGE PUMP. 


There are two Blake vertical duplex piston-type fire and 
bilge pumps, one-in each fireroom. ‘These pumps have con- 
nections to draw from the sea and the fireroom bilges, and to 
discharge to the fire main, the ash ejectors and overboard. 
Fach pump has 14-inch hose connections on both suction and 
discharge, and a 14-inch spring-loaded relief valve on the 
discharge. 


Particulars of Fire-Room Fire and Bilge Pump. 


Diameter of steam cylinders, inches... ees 


Diameter of suction nozzle, 


AUXILIARY CONDENSER AND PUMPS. 


At the after end of the engine room, on the starboard side, 
there is a horizontal cylindrical auxiliary condenser, having 
254 square feet of cooling surface. The air and circulating 
pumps are of the Blake horizontal combined type, located 
under the condenser. The circulating pump draws from the 
auxiliary sea valve and discharges through the condenser into 
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the main outboard delivery pipe. The air pump draws from 
the condenser and discharges into the discharge pipe from the 
main air pumps to the feed tank. 


Particulars of Auxiliary Air and Circulating Pumps. 


Diameter of steam cylinder, inches 
circulating-pump cylinder, inches 
air-pump cylinder, 
Stroke of pistons, inches 
Diameter of circulating-pump suction, inches........... 
discharge, inches 
air-pump suction, inches 
discharge, inches 
steam pipe, inch 
exhaust pipe, inches 


TURNING GEAR. 


There is a worm wheel on the main shaft at the after end 
of the main H.P. and each L.P. turbine, engaging with a re- 
movable worm and shaft, turning being accomplished by 
means of a ratchet wrench applied to the worm shaft. 


FORCED-DRAFT BLOWERS. 


The forced draft is of the closed fireroom type, there being 
two blowers in each fireroom, driven by direct-connected en- 
closed two-cylinder horizontal steam engines. The shafts of 
the blowers are vertical, the blowers being close up under the 
deck with the engines below them. Lubrication is accom- 
plished by a pump driven by an eccentric on the engine shaft, 
oil passages and tubes being fitted to the various journals. 


Data for One Blower. As finall 


installe 
Type of fan Sturtevant. 
Diameter of fan, inches 
Width at tip of vane, inches. 
Number of vanes 
Discharge pressure, designed, inches of water. 
Diameter of engine cylinders, 
Stroke of pistons, inches....... 
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LUBRICATING SYSTEM. 


Oil for all the turbine bearings and the main-shaft steady 
bearings is supplied by a forced-lubrication system working 
under a pressure of about 35 pounds per square inch. ‘There 
are two 44-inch by 5-inch by 6-inch Blake vertical simplex 
steam pumps which pump the oil from two 635-gallon drain 
tanks through a cooler to the various bearings. The oil from 
the bearings returns by gravity to the drain tanks, which are 
situated low down in the after end of the engine room. Sight 
glasses are fitted on the return pipes at all the bearings so that 
the flow of oil can be observed. Thermometers are fitted in 
the pipes to and from the cooler and in the drain pipes from 
the forward bearings of the main H.P. and cruising turbines 
and from forward and after bearings of the L.P. turbines. 

There is a 44-inch by 5-inch by 6-inch Blake vertical sim- 
plex steam pump for circulating water through the oil cooler. 
This pump draws from the auxiliary sea valve and discharges 
through the cooler into the main outboard-delivery pipe. 
There is also a connection from the fire main to supply cir- 
culating water if the circulating pump should be disabled. 

The cooler is cylindrical in shape and has a sheet-copper 
shell and brass tubes and heads. The tubes are packed at the 
tube sheets with cotton-tape packing and screwed ferrules. 
The oil flows through the tubes and the circulating water 
through the shell around the tubes. By means of baffles in the 
shell and heads both oil and water are made to travel the 
length of the shell four times, the direction of flow of the oil 
being opposite to that of the water. After the preliminary 
trial, retarders were fitted in the tubes to increase the effi- 
ciency of the cooler. 


Particulars of Oil Cooler. 


Diameter of shell, inside, inches......... 

Thickness of shell, U. S. S. G., No 

Length between tube sheets, feet and inches................... eeercspaas 
Thickness of tube sheets, inch 
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Diameter of tubes, outside, inch 

Thickness of tubes, B.W.G., 

Cooling surface, square feet 


There is a galvanized-steel oil-stowage tank in the engine 
room. This tank is divided into three compartments of the 
following capacities: lamp oil, 44 gallons; auxiliary lubricat- 
ing oil, 80 gallons; turbine oil, 112 gallons. Pipes are pro- 
vided for filling the tanks from the deck, and there is a pipe 
trom the bottom of the turbine oil compartment to the oil- 
drain tanks for the purpose of supplying oil to, or making up 
leakage of the forced-lubrication system. 


WATER SERVICE. 


Water service is provided for the stern tubes by pipes tak- 
ing water from the fire main. There is no water service to 
the main bearings or steady bearings, the forced-lubrication 
system being considered capable of preventing these bearings 
becoming dangerously hot. 


HOISTING GEAR. 


A system of trolleys and chain hoists is installed for lifting 
and moving aside the turbine cylinders and rotors, and also 
for the main condenser heads. 


REVOLUTION COUNTER GEAR. 


There is a continuous rotary-motion revolution counter for 
each shaft, the three counters being combined in one rectangu- 
lar case at the working platform. The counters register one 
for every ten revolutions of the turbines, the unit revolutions 
being read from graduations on the first numbered wheel of 
each counter or from a graduated numbered disc on each 
counter-driving shaft; the latter also serve as motion indi- 
cators for the turbines. The counters are driven by shafting, 
with bevel gears and universal joints, from worms on the 
forward ends of the turbine shafts. 
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EVAPORATING AND DISTILLING PLANT. 


There are two evaporators and two distillers, the rated ca- 
pacity of the plant being 1,000 gallons of fresh water per 24 
hours. The evaporators are in the engine room at the for- 
ward end, and the distillers are on the forward end of the 
engine-hatch coaming on the main deck. The evaporator 
shells are vertical cylinders, built up of steel plates and angles. 
The steam coil of each evaporator consists of forty seamless- 
drawn brass tubes, bent U shape, and a brass steam head with 
steel-plate cover. 


Particulars of One Evaporator. 


Diameter of shell, inside, feet and inches...............02sccceseeeccsecseeeree 2-04 
Length of shell, inside, feet and inches. .................-ccccccesreceseceseee » 5-028 
Thickness of tubes, B.W.G., 13 
Working pressure, shell, pounds per square inch.............0....sseeeeees 30 
coil, pounds per square 85 
Diameter of vapor outlet, inches........ o24 
steam inlet to coil, inch................... or 


drain from coil, inch........ 


The distillers are cylindrical in shape, the shells being of 
sheet copper; the heads, tubes and tube sheets of brass. The 
tubes are expanded into both tube sheets, and expansion in the 
direction of their length is provided for by a cylindrical ex- 
tension of the bottom tube sheet being made to fit a stuffing 
box formed by the bottom head. One distiller was originally 
installed in a horizontal position under the main deck directly 
over the evaporators. The tests of the plant showed that 
with distiller in this position, it required constant attention to 
prevent priming of the evaporators, and that the distilled 
water was exceedingly warm. The distiller was, therefore, 
moved to its present position on the engine-hatch coaming, 
and another distiller of the same dimensions was added. In 
the new installation both distillers are in a vertical position. 
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Particulars of Distillers. 


Cooling surface (one distiller), square feet.............ssesescceceeeeeeeeeeees 17.0 

circulating-water inlet and outlet, O-OI4 


There is a 34-inch by 4-inch by 4-inch evaporator-feed pump 
and a 23-inch by 3-inch by 4-inch fresh-water pump, both of 
Blake vertical simplex type. The distiller circulating water 
is supplied by the engine room fire and bilge pump. 


HEATING SYSTEM. 


The steam-heating system is in two sections, one forward 
and one aft. The forward section consists of three circuits, 
one for crew’s quarters, pilot house, etc., one for officers’ 
} quarters, and one for galley and pantry. Steam is supplied 
| by a 1-inch branch, with reducing valve, from the auxiliary 
| 


steam pipe in the forward fireroom. The after section con- 
sists of one circuit leading to all the living quarters in the 
after part of the vessel. Steam is supplied by a 1-inch branch, 
with reducing valve, from the auxiliary steam pipe in the en- 
gine room. The drains from the forward circuits are led to 
a l-inch trap in the forward fireroom, and those from the 
after circuit to a 1-inch trap in the engine room, the discharge 
from both traps being led to the feed tank and condensers. 


AIR COMPRESSOR PLANT FOR TORPEDOES. 


In the after end of the engine room there is a Mahn Navy- 
standard type air compressor for supplying compressed air 
to the torpedo tubes. The discharge from the compressor 
passes through a combined separator and cooler to an accu- 
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mulator from which pipes are led to the torpedo tubes. Air 
compression is accomplished in three stages, each stage hav- 
ing two cylinders, all single acting. Motive power is fur- 
nished by two steam cylinders. All the cylinders are vertical, 
the piston rods being all attached to one crosshead, from 
which there is a connecting rod driving a crank shaft equipped 
with two flywheels. Circulating water for the jacket and 
cooler is supplied by two pumps driven from the crank shaft. 


Particulars of Air Compressor. 


Diameter of low-pressure air cylinders, inches 
intermediate-pressure cylinders, inches 
high-pressure cylinders, inch 
steam cylinders, inches.. 
Stroke of all pistons, foe ese 
Revolutions per minute, designed 
Steam pressure, designed, pounds per square inch 
Rated capacity in cubic feet of air delivered per hour, at 2,500 
pounds per square inch 


There is an air main running through the engine and fire- 
rooms with connections for driving pneumatic tools and for 
blowing soot off the boiler tubes. This main is supplied by a 
branch from the air-compressor discharge through a reduc- 
ing valve which reduces the pressure to 100 pounds. 


ANCHOR GEAR. 


The capstan is on the forecastle deck and consists of a 
gypsy head and wildcat on a vertical shaft driven through 
worm gearing by a 4-inch by 6-inch two-cylinder vertical 
steam engine, which is located on the main deck directly under 
the capstan. 

STEERING GEAR. 


In the pilot house there is a 5-inch by 5-inch vertical two- 
cylinder steam-steering engine connected to the rudder quad- 
rant by #-inch chains and {-inch steel-wire ropes, leading 
along the main deck close to the gunwales. There is a con- 
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nection to the bridge so that the vessel can be steered by steam 
from either pilot house or bridge. There is a pair of hand- 
steering wheels on the main deck aft, and emergency hand 
steering is provided for by relieving tackles having direct con- 
nection to the rudder quadrant. 


ELECTRIC GENERATORS. 


On a platform in the after end of the engine room there is 
a 5-kilowatt General Electric Company dynamo, driven by a 
horizontal Curtis steam turbine. 


TORSION METERS. 


The torsion meters used on these vessels are of the con-— 
tractors’ own make, from designs of Mr. J. F. Metten, Chief 
Engineer of the Cramp Company. They are self-contained 
and their action is entirely mechanical, no electric current or 
other outside agency being required for their operation, and 
no special skill is required in taking records by them. 

The following is Mr. Metten’s description of these torsion 
meters and the method used in calibrating same, reference be- 
ing had to Plates III, IV, and V: 


This apparatus is designed for measuring the torsional deflection of 
rotating shafts so that the power being transmitted can be readily ascer- 
tained when the speed of rotation is known. 

All torsion meters for measuring shaft powers are based on the same 
principle, that ordinary materials are perfectly elastic when stresses do 
not approach close to the elastic limit of the material. The two draw- 
ings, Plates III and IV, show the details of the torsion meters and draw- 
ing, Plate V, shows the application of the device to a turbine shaft on a 
vessel with diagrams illustrating clearly the method of measuring power 
being transmitted. Referring to Plate III, A is a sleeve rigidly attached 
to the shaft at X and loosely resting on shaft at Y, which is shown in 
halves for convenience in installing on shafts with solid couplings. The 
extension arms at the end Y are for operating the measuring pointers, 
as will be described later. Only one of the latter is used, the other being 
cast on simply for balancing. 

B is a disc securely fixed to the shaft, also made in halves. This disc 
is located close to the sleeve at Y as shown in large scale section, Fig. 1. 
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Plate IIl.—DETAILS OF TORSION METER. 
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Pivoted on this disc at Z is the indicator hand, Fig 2, which is riveted to 
a crank forging, Fig. 4, the indicator and crank oscillating on pin Z. 
This crank is provided with a pin 5 on which is mounted a block W the 
sides of which are a sliding fit in fork U. This fork is attached to one 
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Plate IV. 
CARD TABLE FOR TORSION METER. 


of the extension arms on sleeve A by means of a fitted bolt K, and the 
projecting lug on end of fork extends into an opening drilled in the 
center of extension arm as shown, the opening being larger than the lug, 
which is held between the ends of two set screws S, the object of which 
will be explained further on. It will be apparent that any twisting of 


58 


= 

| 
aha 
| 
i6 
16 | a 
/ \ 
| sim! 7 
@ 
f 
ae 


888 DESTROYERS SM/TH AND LAMSON. 

the shaft due to its elastic properties between the fixed end of sleeve A 
at X and the fixed disc at other end of sleeve will cause the fork end of 
U to move relative to disc, the direction and magnitude of the movement 
depending on the direction and magnitude of twisting load on the shaft. 
This movement of the fork which engages the pin 5 through the block WV 
causes the indicator hand, -Fig. 2, to move through an arc the extent of 


= 


Plate V. 


ARRANGEMENT OF TORSION METER ON SHAFT. 


which is dependent upon the relative movement of the fork arm men- 
tioned above. The indicator hand is provided with two knives B at the 
two extreme points J which extend through curved slots P in the disc B. 
These knives are made with shoulders that slide on a brass plate fastened 
to back of disc as shown in Fig. 3, the object being to provide for free 
movement along the arc of travel, but to prevent motion in a line parallel 
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with axis of shaft. These knives are arranged to project about % inch 
through face of disc, and when the apparatus is assembled complete and 
the shaft under no torsional strain, the points at each end of indicator 
hand, JJ, stand at the position OO on disc B. The two set screws SS 
engaging lug on form arm U are for effecting this adjustment, as will be 
understood clearly from the drawing. 

When the knives stand at the position OO and the shaft and instru- 
ment is revolved, but under no torsional strain, it will be noted that both 
knife points revolve at exactly the same radius, and if the edge of a 
sheet of paper is held against the face of the disc both knives will cut 
the edge at the same point or, in other words, only one cut will be made. 
lf the shaft is under a torsional strain while being revolved the move- 
ment of the indicator hand causes one of the knives to move from the 
normal line towards the periphery of disc and the other to move towards 
the center of shaft, the amount of which is proporticnal to the twisting 
force exerted on the shaft. Thus if the instrument and shaft is rotated 
and the shaft is under a torsional strain, the two knives will revolve at 
different radii, the actual difference between which will be twice the 
movement of the knife, as one moves towards the center and one away 
from the center of disc. If the edge of paper is held against face of 
disc when shaft and instrument is revolving under latter conditions there 
will be two cuts in the edge of the paper, the distance which cuts are 
separated representing the difference in radii at which the knives are 
revolving; this difference being affected directly and only by the tor- 
sional deflecting of the shaft, its magnitude will vary directly with the 
magnitude of the torsional load on the shaft and the two cuts on the 
paper will be a permanent record of the twisting force on the shaft at 
the time the cuts were made. In order to compute the power trans- 
mitted it is only necessary to know the speed of revolutions at which 
record is taken and the twisting moment represented by the distance 
the cuts are separated. The latter is determined as follows: 

The shaft upon which the instrument is to be fixed is mounted on suit- 
able bearings, preferably of roller type to eliminate friction, and between 
the bearings the torsion meter is installed and rigidly attached to the 
shaft as described above with the two pointers adjusted so as to both 
come exactly on the normal radius. One end of the shaft is firmly fixed 
to prevent its turning and at the other end is attached a lever of known 
length, and by means of suitable scales or known weights twisting loads 
of known magnitude are applied to the shaft varying from small amounts 
up to the extreme loads the shaft is intended to be subjected to in service. 
During the application of each load to the shaft the distance the pointers 
or knives have moved from the normal line is carefully measured and a 
scale is prepared showing the twisting moments in inch or foot pounds 
represented by movements of the pointers. 

Plate IV shows the small table which is installed when torsion meter 
is in its final position on its shaft in the ship. This is a small wooden 
table with the edge parallel with the face of disc B and provided with a 
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clamp for holding the record cards in proper position. This table is 
hinged at its base, which is provided with stops and springs arranged so 
as to keep the table away from the revolving disc and knives ordinarily, 
but which after a card has been inserted allows it to move back to a 
position where the revolving knives will cut the edge of the paper. The 
stop is adjustable so as to prevent the table touching the disc. The base 
of the table is rigidly attached to any convenient fixed part of the ship’s 
structure. The arrangement shown is adapted particularly for shafts 
revolving at comparatively high speeds, and ordinarily the record cuts 
will be made as quickly as the table can be operated. The apparatus 
shown is for shafts transmitting uniform torque. The advantages claimed 
over other types of torsion meters are as follows: 

The records are permanent and can be referred to at any time and do 
not depend on the accuracy of the operator. The power can be taken with 
extreme accuracy, as there are few joints, and these can be given ample 
wearing surface. 

The arrangement of two knives or measuring points on opposite sides 
of the fulcrum gives double the length of scale that could be obtained by 
ordinary means with the same centers. This allows actuating points to 
be given sufficient diameter and distance from fulcrum to avoid the dif- 
ficulties experienced with ordinary devices for multiplying deflection on 
the scales. The instrument being calibrated directly with its shaft, 
errors of observation, etc., are eliminated. The records themselves are 
of the best type for accurate measurements, being clean sharp cuts about 
3/16 inch in depth on the edge of a substantial paper card. The moving 
parts of the recording mechanism are so arranged as to permit of being 
dynamically balanced, which is very important at high speeds to insure 
accuracy. 

U. Ss. Ss. “SMITH.” 


Length of shaft calibrated, feet and inches.. 6-0 
Center shaft.......1. 1111 
Port shaft..........1.1711 


Distance between cuts, in inches, for each 1,000 ( 
pounds, applied at 6 feet leverage. 1.08006 
Horsepower constant, center shaft.. ............. 1.0281 


Shaft horsepower = C x R & F. 
C= Constant as given above. 
R = Revolutions of shaft per minute. 
F = Distance between cuts, in inches. 


Deduction of formulae : 
LZ = Length arm, in feet. 
P= Pull, in pounds. 
R= R.p.m. 


= 0011424 P. 
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With P = 1,000 pounds, distance between cuts = 1.111 inches for center 
shaft 


For center shaft (.0011424 


1,000 
x 


C for center shaft —1.0281 
port shaft = .9755 


starboard shaft = 1.0535 
or H.P.=Cx FX R. 


Weights of Machinery. 


Smith. Lamson, 
Pounds. 


Main shaft bearings ; 3,473 
air and circulating 11,457 
3,188 
133,576 
Boiler fittings 34,662 
Smoke pipes and uptakes 8,013 
Steam and exhaust pipes and valves 31,653 
Suction and discharge pipes and valves. 22,097 
Lagging and clothing............. 20,648 
Flooring and gratings, 12,936 
Stores, tools and spare parts 9,445 
Miscellaneous machinery, etc 14,280 
Steam and exhaust connections, outside machinery 
1,900 


502,028 
59.74! 59,733 


Total, with water.......... 559,547 561,761 
= Tons (2,240 pounds) . 250.79 
Tons. 


Difference 24.21 


The following is a comparison of the machinery weights of 
the Smith with those of the U. S. T. B. destroyer Bainbridge, 
the latter being equipped with twin-screw reciprocating en- 
gines and Thornycroft boilers. As no official record of horse- 
power was taken on the full-power trial of the Bainbridge, the 
designed I.H.P. (8,000) of that vessel and the designed equiv- 
alent I.H.P. (10,000) of the Smith are used for purposes of 
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comparison. The weight of water under full-power steaming 
conditions is included in all weights used. 
Smith, Bainbridge. 


Engine-room weights, pounds per I.H.P...............066 25.71 25.84 
Propellers and all shafting and bearings outside of 

engine rooms, pounds per I.H.P.........csserscseeeseeees 2.79 3-97 
Fireroom weights, pounds per I.H.P.........00..:s00s0000 26.72 28.22 
Total weight of machinery, pounds per I.H.P.........- 55-95 58.47 


It will be noted that there is very little saving in engine- 
room weights by the use of turbines, this probably being due 
to the fact that cruising turbines are required with this type 
of machinery. There is a material saving (1.18 pounds per 
I.H.P.) in the weight of propellers and shafting in the case 
of the turbine installation. The difference in fireroom weights 
is probably due to the different boilers used, and can hardly 
be credited to the use of turbines. The total machinery 
weight per I.H.P. of the Smith is 2.52 pounds less than that 
of the Bainbridge. 


BUILDERS TRIALS. 


-Smith.—Dock trials of the machinery of the Smith were 
run May 11th to 16th, 1909. The main and auxiliary ma- 
chinery was operated under various conditions, and observa- 
tions of the performance were made by the builders in prepa- 
ration for their own and the official sea trials. Builders’ sea 
trials were conducted in the vicinity of Delaware Breakwater, 
May 17 to 24, 1909. 

The performance of the propelling engines was very satis- 
factory, the contract speed of 28 knots being obtained with 
about 700 revolutions per minute. As this was somewhat 
below the rate at which the turbines were designed to revolve, 
the builders reduced the area of the propellers after these 
trials by taking one inch off the tips of all blades. 

It was found necessary to run the main air pumps at a speed 
reaching at times 90 double strokes per minute, a much higher 
speed than that for which they were designed, but this was 
probably due to the turbine drains being kept wide open much 
of the time. This condition was remedied on the official trials. 
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These pumps were run at about 65 double strokes per minute 
on the four-hour full-speed trial. 

The oil cooler for the lubricating system did not prove en- 
tirely efficient, but this was remedied by fitting retarders in 
the oil-cooler tubes. 

The boilers worked very efficiently, no trouble being experi- 
enced with them except that furnace-door linings burned out 
very rapidly. 

Lamson.—Dock trials of the machinery of the Lamson 
were made on October 19, 20 and 21, 1909. ‘The main and 
auxiliary machinery was run under various conditions and 
everything worked satisfactorily. While the vessel was 
maneuvering out of her slip on November 4, 1909, the port 
L.P. turbine became disabled. Examination of the turbine 
showed that about twelve rows of blading in the rotor and 
about ten rows in the casing were impaired to such an extent 
as to require renewal. The damaged blades were in the third, 
fourth and fifth expansion stages. The cause of this damage 
was not definitely determined, but was probably due to dis- 
tortion of the rotor by unequal heating due to steam from the 
gland-system relief valve entering the turbine before it was 
warmed up. The relief valve from the gland system dis- 
charges into the L.P. turbine casing at the fifth expansion. 
The damaged blading having been renewed, a builders’ trial 
was made on the Delaware Bay on November 23, 1909, dur- 
ing which all the parts of the machinery installation worked 
satisfactorily. 

OFFICIAL TRIALS. 
STANDARDIZATION TRIALS. 


Smith.—On June 22, 1909, standardization trials were held 
consisting of fifteen runs over the Delaware Breakwater 
measured-mile course at the mouth of Delaware Bay. One 
of the blowers being out of service, the highest speed for one 
run was 26.924 knots. 

An air trunk was fitted, communicating the two firerooms 
and with three blowers supplying the air for both firerooms, 
five more standardization runs were made on June 25, 1909, 
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the speed for the fastest run being 28.431 knots. On Septem- 
ber 22, 1909, new blowers having been installed, five high- 
speed standardization runs were made, the speed for the fast- 
est run being 31.901 knots. 

Curves of speed, revolutions and horsepower, with pro- 
pulsive’ coefficients, deduced for the runs on June 22, 1909, 
are given on Plate VI. 

Lamson.—On December 2, 1909, standardization trials 
were held consisting of fourteen runs over the Delaware 
Breakwater measured-mile course, and on December 3, 1909, 
eight more runs were made over the course. Curves plotted 
with the data obtained on these runs are given on Plate VII. 


DATA OF STANDARDIZATION TRIALS. 


Smith, June 22, 1909; displacement, 677 tons. 
Number of run, Mean R.P.M., three shafts. Total S.H.P., three shafts. Speed, knots. 


I 638.269 6,415 24.913 
2 644.777 6,525 26.924 
3 632.128 6,190 24.734 
4 542.005 3,765 23.672 
5 541.549 3,834 21.539 
6 547-394 3,884 24.081 
7 594.387 5,208 23.242 
8 595-987 5,190 25.510 
9 588.664 5,004 23.425 
Io 359-907 933 16,129 
II 361.269 . 989 15.254 
12 375-132 1,084 16.365 
13 284.867 414 13.061 
14 290. I90 441 11.786 
15 282.201 416 13.458 
June 25, 1909; displacement, 710 tons. 
16 730.462 9,966 28.251 
17 702.878 8,926 27.986 
18 709.810 9,316 28.022 
19 725.166 9,835 28.431 
20 715.377 9, 165 28.251 
September 22, 1909; displacement, 714 tons. 
21 811.25 12,039 31.289 
22 805.00 11,824 28.669 
23 786.52 11,636 30.887 
24 774-64 11,471 27.881 


25 826.38 11,603 31.901 
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Lamson, December 2, 1909; displacement, 694 tons. 


Number of run. Mean R.P.M. three shafts. Total S.H.P., three shafts. Speed, knots. 
I 291.92 502 12,184 
288.35 481 13.082 
286.07 487 11.274 
356.54 1,016 16.342 
359.71 1,030 14.024 
362.68 1,073 16.866 
730.96 10,274 26.826 
778.39 11,954 30.923 
751.38 11,276 27.225 
793-93 11,727 31.407 
818.76 12,660 28.377 
799-73 12,197 31.408 
774-66 9,830 27.677 
14 785.85 12,014 31.090 
December 3, 1909; displacement, 687 tons. 
15 564.44 4,345 22.546 
16 567.39 4,295 23.548 
17 571.43 4,401 23.101 
18 704.80 9,207 27.082 
19 702.58 9,375 27.589 
20 708.98 9,230 27.606 
21 702.18 8,935 27.669 
22 714.03 9,357 27.697 


ow ON 


FOUR-HOUR FULL SPEED TRIALS. 


Smith—An attempt was made to run a four-hour full- 
speed trial on June 26, 1909, with three blowers supplying the 
air for both firerooms. After running about two hours and 
three quarters, this trial was stopped on account of the break- 
down of one of the blowers. After new blowers had been 
installed, a successful four-hour trial was held on September 
23,1909. The trial was begun at 8:45 A. M., off the entrance 
to Delaware Bay and ended four hours later off Fenwick’s 
Island light ship. The weather was clear with light breezes 
from $.S.W., and the sea was smooth with gentle swell from 
the S.E. Average displacement for trial, 716 tons. 
~ Lamson.—The four-hour full-speed trial.was run off the 
entrance to Delaware Bay on December 4, 1909, beginning at 
10:15 A. M., with moderate breezes from W.N.W. and mod- 
erate sea. Average displacement for trial, 690 tons. 
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PERFORMANCE. 


Pressures : Smith, Lamson. 
Average steam pressure at boilers, gauge, pounds........ 242.0 247.0 
engines, gauge, pounds....... 239.0 246.0 
main H.P. turbines, steam 
belt, absolute, pounds...... 199.0 204.0 
L.P. turbine, steam belt, star- 
board, absolute, pounds... 45.6 47.9 
L.P. turbine, steam belt, 
port, absolute, pounds...... 45.6 46.4 
on turbine glands, gauge, Ibs.. 2.6 0.7 
pressure in oil system, gauge, pounds............ 5-7 5.1 
Vacuum in condenser, starboard, inches of mercury.... 25.9 26.8 
port, inches of mercury........... 25.8 27.4 
Revolutions, or double strokes, per minute : 
Shaft No. 1, starboard........... gubbddetisetdibhdasssedéandiabwndets 724.69 755 80 
POLE. pe 305.2 258.0 
Forced-draft blowers (average of four)......... doesseeseeones 869.0 789.0 
Slip of propeller, in per cent. of its own speed, based on 
mean pitch : 
sos sos 20.616 22.25 
Air pressure in firerooms, inches of water.................0066 . 5.0 4.2 
Shaft horsepower : 
Shaft No. 1, sd 3,303.0 3,543.0 


Four-Hours, Full-Speed, Trials. 


DESTROYERS SM/7/ AND LAMSON. 897 
Indicated horsepower : Smith. Lamson. 
Air, circulating and feed 172.0 
All other auxiliaries in operation 
Total auxiliaries in operation 
Collective horsepower, main engines oud auxiliaries, 
Temperatures : 
Feed to heater, degrees F......cccce.cscccccsssseeesecssessesseses 107.0 96.0 
Feed from heater, degrees F 187.0 165.0 
Outside air, degrees 79.1 
Engine room, working level, degrees F........0......0002. 126.0 82.0 
Smoke-pipe gases, degrees 572.1 622.6 
Coal : 

Pocahontas, Pocahontas, 
hand-picked. excellent. 
Pounds used per hour........... 16,800.0  20,834.0 

Knots run per ton of coal ) 3.141 
Water : 
Pounds per hour 162,173.0 
(H.P. = S.H.P. of main engines plus I.H.P. of 
auxiliaries. ) 
Deduced data : 
S.H.P. per square foot of grate surface......... 
heating surface 
Pounds of coal per S.H.P. per hour 
square foot grate sur- 
face per hour 45-59 55-23 
Cooling surface (main condensers) square feet per 


Kind and quality 


TWELVE-HOUR TRIALS AT TWENTY-FOUR KNOTS. 


Smith.—The twelve-hour endurance and coal-consumption 
trial at twenty-four knots was begun off Cape Henlopen at 
7:25 A. M. on June 23, 1909, and ended twelve hours later 
off Overfalls light ship. ‘The weather was fair with gentle to 
moderate breezes from W. by S. to S.W., and the sea smooth. 
Average displacement for trial, 697 tons. 

Lamson.—The twelve-hour endurance and coal-consump- 
tion trial at twenty-four knots was run on December 5, 1909, 
off the Delaware Capes, with gentle breezes from N.N.W. 
and smooth sea. Average displacement for trial, 693 tons. 
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Performance.— Twelve-Hours, Twenty-four-knot, Trials. 


Pressures : Smith. Lamson. 
Average steam pressure at boilers, gauge, pounds , 247.0 
engines, gauge, pounds..... 247.0 
I.P. cruising turbine, steam 
belt, absolute, pounds.... ” 249.0 
main H.P. turbine, steam 
belt, absolute, pounds.... i 109.0 
L.P. turbine, steam belt, 
starboard, abs., pounds.. 
L.P. turbine, steam belt, 
port, absolute, pounds.... 
on turbine glands, gauge, lbs. 
Pressure in oil system, gauge, pounds 
Vacuum in condenser, starboard, inches of mercury 
port, inches of 
Revolutions, or double strokes, per minute : 
Shaft No. 1 


cooler circulating 
Forced-draft blowers of 


Speed of ship, knots.. _ 
Slip of propeller, in yes out. of its own apeed, on 


mean pitch : 


Air pressure in firerooms, inches of water 
Shaft horsepower : 
Shaft No. 1 


¥,227.0 


ted by pari with sta 


* The torsion meters not working accurately; S.H.P. 
tion trial and with the performance of the sister ship Smith. 


main circulating, 282.0 291.0 
POC... 298.0 281.0 
76.0 33-4 
38.0 44.5 
555-0 569.0 
24.696 24.804 
12.0 12.56 
1.07 1.07 
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Indicated horsepower : Smith. Lamson, 
Air, circulating and feed pumps ; 79.0 
All other auxiliaries in — ‘ 205.0 
Total auxiliaries in 284.0 

Collective horsepower, main and 

Temperatures : 

Injection, degrees F : 7 49.3 
Discharge, degrees F 64.8 
Feed to heater, degrees 74.6 
from heater, degrees F ; 176.0 
Oil before cooting, 
after cooling, degrees F 

Steam at I.P. cruising turbine, degrees F 

H.P. cruising turbine, degrees F 

main H.P. turbine, degrees F po 
Smoke-pipe gases, degrees F ; 555-1 
Engine room, working level, degrees F ca 99.7 

Coal : 

Kind and quality......... Pocahontas, run of mine, excellent. 
Pounds used per hour 10,075.0 I1,397.0 
Water: 
Pounds per hour 91,712.0 80,349.0 
Pounds per H.P. per hour 15.547 13.338 
(H.P. = S.H.P. of main engines plus I.H.P. of 
auxiliaries. ) 
Deduced data : 
S.H.P. per square foot of grate surface...........s00+00.+. 16.71 15.58 
heating surface............... -3097 
Pounds of coal per S.H.P. per honr 1.807 1.98 
sq. ft. of grate surface per hour.. 30.20 30.93 
Cooling surface (main condensers) square feet per 


During the twelve-hour 24-knot trial the following auxil- 
iaries were in operation : 

Auxiliaries in connection with the operation of the main 
engines, including feed pumps. 

Dynamo, as necessary to efficiently light the ship. 

The evaporating and distilling plant in continuous opera- 
tion. 

Flushing system in continuous operation. 

Forced-draft fans as required. 

Steering engine, as required for steering. 
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TWELVE-HOUR TRIALS AT 16 KNOTS. 


Smith.—The twelve-hour endurance and coal-consumption 
trial at 16 knots was begun off the Delaware Breakwater at 
7:00 A. M. on June 24, 1909, and ended twelve hours later 
off Overfalls Light Ship. The weather was fair and warm, 
gentle breezes from the S.W., smooth sea. Average displace- 
ment for trial, 686 tons. 

Lamson.—The twelve-hour endurance and coal-consump- 
tion trial at 16 knots was run on December 1, 1909, off the 
Delaware Capes, with stiff breezes from N. by W. and choppy 
sea. Average displacement for trial, 693 tons. 


Performance.— Twelve-Hours, Sixteen-knot, Trials. 


Pressures : Smith. Lamson. 

Average steam pressure at boilers, gauge, pounds : 243.0 
engines, gauge, pounds...... ‘ 242.0 

H.P. cruising turbine, abso- 
lute, pounds 3 202.0 

I.P. cruising turbine, abso- 
lute, pounds. J 83.0 
main H.P. turbine, abs., lbs. ; 30.0 

L.P. turbine, starboard, ab- 
solute, pounds 10.0 
L.P. turbine, port, abs., Ibs. , 9.9 
on turbine glands, gauge, lbs... F 1.0 
Pressure in oil system, gauge, pounds. . 4.0 
Vacuum in condenser, starboard, inches of mercury... ‘ 27.0 
port, inches of mercury : 27.0 

Revolutions, or double strokes, per minute : 

332.7 
388.8 
Pumps, main air, starboard 57.0 
57-0 


feed, forward....... 


cooler 
fire and bilge 
Forced-draft blowers (one) 


goo 
Circulating, 268.0 224.0 
9.6 30.0 
17.3 
14.7 16.0 
54-5 35-0 
32.2 24.0 
404.0 398.0 


SMITH AND LAMSON. 


DESTROYERS 


gol 


Smith. Lamson. 
Slip of propeller, in per cent. of its own speed, based on 

mean pitch : 


Air pressure in firerooms, inch of water... ......ssceesesseeees 0.56 0.8 
Shaft horsepower : 


Indicated 
Air, circulating and feed 71.9 79.0 
All other auxiliaries in operation...........ceceeeeseeseesenees 114.7 114.0 
Total auxiliaries in 186.6 193.0 
Collective horsepower, main engines and auxiliaries, 
Temperatures : 
Feed to heater, degrees 760 63.0 
Oil before cooling, degrees F...........ccccccssscscsccscorcceees 107.8 
after cooling, degrees F..........++. 76.0 
Steam at H.P. cruising turbine, degrees F................ 
I.P. cruising turbine, degrees F.............s00008 302.0 
main H.P. turbine, degrees 250.4 
Smoke-pipe gases, degrees F........ 552.5 577-7 
Engine room, working level, degrees F...............s000+ soe 90.0 
Coal 
Water : 
(H.P.=S.H.P. of main engines plus I.H.P. of aux- 
iliaries. ) 
Deduced data : 
S.H.P. per square foot of grate surface.......... Joncees Jesper 6.875 6.290 
heating 0.0637. 0.129 
Pounds of coal per S.H.P. per hour... 


square foot of grate ner 18.68 22.15 
Cooling surface (main condensers), sq. ft. per S.H.P... 6.996 6.924 


* The torsion meters not working accurately ; S.H.P. estimated by comparison with standardiza- 
tion trial and with performance of sister ship Smerth. 


= 
533 0 
4 7 
= 
a 


go2 DESTROYERS SMITH AND LAMSON. 


During these trials the following auxiliaries were in op- 
eration: 

Auxiliaries in connection with the operation of the main 
engines, including feed pumps. 

Dynamo as required to efficiently light the ship. 

The evaporating and distilling plant as necessary to supply 
“make-up” feed water and water for all other purposes. 

Flushing system was in continuous operation. 

Steering engine was used as required for steering. 


POST-TRIAL EXAMINATIONS OF MACHINERY. 


Smith—On October 1, 1909, the machinery of the Smith 
was opened up and examined. Everything was found in good 
condition with the following exceptions: 

The rings in the piston of one blower engine were frozen. 

The brick work of furnaces required renewing in places, 
especially on front walls. ; 

The liners at furnace openings and cheek pieces were con- 
siderably burnt. 

The liners in the back connections were burnt through and 
warped in places. 

The zines in the boiler drums were considerably warped. 

Lamson.—After the official trials had been completed the 
main and auxiliary machinery of the Lamson was opened up 
and examined and found generally in good condition, with 
the following exceptions: 

Some of the blades of the main H.P. turbine had their ends 
damaged, indicating that contact had occurred. The damage 
was principally confined to the third expansion stage, and was 
not serious enough to require renewal of the blades. 

One of the blower engines was seriously disabled, having 
been thrown out of service on the four-hour trial. 


TEST OF ANCHOR GEAR, SMITH. 


On this test an anchor was let go in 27 fathoms of water 
and chain veered to 75 fathoms at the windlass. ‘Total num- 
ber of fathoms hove up 71, in 9 minutes 35 seconds, or at the 


rate of 7.4 fathoms per minute. 
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MANEUVERING TRIALS, SMITH. 


Turning Trials—The estimated diameter of the turning 
circle with helm hard-a-starboard was 350 yards, the time 2 
minutes 44 seconds, the permanent angle of heel was 2 degrees 
to port. With helm hard-a-port the estimated diameter of the 
turning circle was 400 yards, the time about 2 minutes 54 sec- 
onds, permanent angle of heel from 1} to 2 degrees to star- 
board. 

The following times were taken at the steering wheel on the 


bridge: 

Amidships to hard-a-starboard........... .....6.4 seconds 
Hard-a-starboard to hard-a-port............... 9.0 seconds 
Hard-a-starboard to amidships................ 4.4 seconds 

The following times were observed at the tiller: 

Amidships to 30 degrees starboard........ .....6.0 seconds 
36 degrees starboard to amidships............. 5.0 seconds 
36 degrees starboard to 30 degrees port..... ....9.0 seconds 
33 degrees port to amidships........... ......0.0 seconds 


Backing Trials —The helm being and the vessel 
making approximately 28 knots, the engine telegraphs were 
thrown “full speed astern.” The following times were taken, 
commencing when the signal to reverse was given: 


backing full speed........ ..1 minute 12 seconds 
Ship dead in water..............06. 1 minute 16.2 seconds 


After the engines had been backing full speed about three 
minutes the signal for “full speed ahead” was given. The 
following times were taken: 

Engines going ahead........... ....31 seconds 
full speed ahead........ ee eer 584 seconds 


REMARKS. 


There is one particularly noticeable feature connected with 
these turbine installations, viz: the crowded condition of the 
auxiliaries in the engine room. As regards floor space, there 
is no noticeable improvement over the installation of recipro- 
cating machinery. 
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In view of the necessity for keeping the auxiliaries in effi- 
cient condition and making them accessible for repairs and 
overhauling, it is suggested that there might be a pump room 
between engine and firerooms, with free communication to 
the engine room. Such an installation might require length- 
ening the vessel to some extent, but the resulting advantages 
would more than compensate. It could reasonably be ex- 
pected that both the endurance and readiness for action of the 
machinery plant of any destroyer so fitted would be much 
greater than where the machinery is crowded together as at 
present. 

The author’s acknowledgments are due to Mr. J. W. Daw- 
son, of the office staff of the Inspector of Machinery, Cramp’s 
shipyard, for the photographs illustrating this article. 
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INTERNAL-COMBUSTION ENGINES FOR NAVY 
LAUNCHES. 


By LiguTENANT W. G. Drman, U. S. N., MEMBER. 


Internal-combustion engines have been used for some time 
for driving launches, but only during recent years have they 
come into general use for small seagoing vessels. High speed 
and shallow-draught conditions both require the weight of 
ordinary propelling machinery to be greatly reduced in pro- 
portion to the power. In boats such as launches for ships’ 
use, which must lie constantly waiting for a call to instant 
service, there is a marked advantage in the use of internal- 
combustion engines. The saving in weight and space is also 
such as to add greatly to the roominess and carrying capacity. 


TESTS OF ENGINES. 


In order to settle upon suitable types of internal-combustion 
engines for use in the naval service, a series of tests has 
just been completed at the U. S. Navy Yard, Norfolk, Va., 
on eighteen gasoline and oil engines of different types. The 
engines tested were fourteen four-cycle gasoline engines; one 
two-cycle two-port convertible kerosene and gasoline engine; 
one two-cycle three-port gasoline engine, and two two-cycle 
three-port oil engines. These engines as furnished by the 
manufacturers were first given a brake test in the shop, then 
placed in a forty-foot boat and given a thorough service test. 
A sample of the gasoline or oil fuel used on each test was 
analyzed, the gasoline on all tests running from 75 to 69.5 
Baume. The engines were weighed before being tested, and the 
weight per B.H.P. calculated from this and the maximum 
B.H.P., obtained in the shop test. The plan at first was to 
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take the weight per rated B.H.P., but the ratings of the engines 
were found to be so indefinite that this was impraticable. 
The equipment placed in the boat was also weighed; this was 
practically the same for the gasoline equipments, but varied 
with the oil-engine equipment. 

The gas and oil engines were tested as follows: The engine 
was placed on the testing slab, blocked up and connected by 
an intermediate shaft to a standard water brake. The engines 
were first run above rating and the revolutions then reduced 
by means of the brake. By running above, the greatest power 
that the engines could develop was obtained. There was 
found to be a characteristic B.H.P. curve with each of these 
gasoline engines, the horsepower increasing up to a certain 
point with the revolutions. Above that when the revolutions 
are increased the power will drop. 

Measuring Fuel Consumption.—The fuel was placed in a 
tank having a capacity of 96 gallons and weighed accurately. 
The weight was then reduced to pints in order to obtain the 
pints per B.H.P. A pipe was led from the bottom of this 
tank to a separator, thence to the carburetor or oil pumps on 
the engine. This tank was filled with fuel and weight taken 
at the beginning and end of the test and the amount of fuel 
used per B.H.P. per hour calculated. Readings were also 
taken every ten minutes as a check on the flow of the fuel. 
With the gasoline equipment a thermometer was placed in 
the inlet manifold, and from this the temperature of the 
mixture entering the engine was obtained. This temperature 
was very important and it was found that 61 degrees F. 
was the most efficient temperature. The average fuel used 
per rated B.H.P. of all the engines was 1.199 pints per hour 
and at the maximum power was 1.216 pints. 

Measuring Circulating Water——The water used in the 
jackets was measured. Two large tanks were placed near the 
engines, each having a capacity of 305 gallons. Gauge glasses, 
properly marked with a scale to show the amount of water 
in each tank enabled the amount used to be read. The tanks 
were connected by a pipe with connection to suction for 
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circulating water in the jackets of the engine. On each tank 
was a plug cock so arranged that when one tank was empty 
it could be shut off and filled up. The temperature of the 
injection was taken at the tanks and the discharge temperature 
was taken just after it left the jacket. The exhaust led outside 
of the test room direct into the atmosphere, no muffler being 
attached. The temperature of the exhaust was taken by means 
of a pyrometer placed in an elbow outside of exhaust mani- 
fold. The true temperature of the exhaust was affected by the 
manifold being water jacketed and also by the water which 
was discharged into exhaust pipe. The average water used 
per B.H.P. on all the engines at the rated B.H.P. was 14.5 
gallons per hour. There was no limit on the amount of 
water used, and a good average would appear to tun about 
11 gallons per B.H.P. per hour. 

Measuring Lubricating Oil—The lubricating oil was meas- 
ured by means of a 5-gallon can which had been properly 
calibrated. When a test run started the position of the oil 
was noted in the oilers on the engine, and after a run, oil 
was taken out of the 5-gallon can to make up the deficiency 
and the amount noted. The lubricating oil, in pints per B.H.P. 
per hour, was calculated from this. The average amount 
of oil per rated B.H.P. per hour of all the engines was .047 
pint. The engines were all new and used a greater quantity 
of lubricant than would be required in regular service. 

Shop Tests, Gasoline Engines ——All thermomters and scales 
were calibrated. Each test run was of forty minutes duration 
in order to get the average conditions for the hour. Dur- 
ing this time readings were taken every ten minutes. All 
results were figured for the hour. 

The tests on gasoline engines were made as follows: First 
with the needle valve on carburetor set under normal conditions, 
the throttle wide open and the spark full advanced, the engine 
being run as high as the builders desired above normal rat- 
ing. Arun of forty minutes was made under these conditions, 
then the revolutions were reduced by means of the brake and 
another run of forty minutes made under the same conditions. 
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The revolutions were reduced again and another run made, 
and so on down until sufficient points had been obtained for a 
curve of B.H.P. and R.P.M. After these runs were made the 
throttle was moved in to } and the spark advanced to }{ 
and runs of forty minutes made under these conditions, 
starting from high revolutions and working down. ‘This 
gave a curve for B.H.P. and R.P.M. under these conditions. 
The throttle was then moved in to $ and the spark advanced 
to 3 and runs of forty minutes made under these conditions 
to obtain a curve for B.H.P. and R.P.M. The throttle was 
then moved in to + and the spark advanced to 4 and runs 
made under these conditions. After these runs were made 
the mixture was weakened by having the needle valve on 
the carburetor closed below normal conditions. The highest 
B.H.P. was taken from each of the above runs with a normal 
opening of the carburetor under the different conditions of 
spark and throttle and runs made with this mixture at the 
revolutions corresponding to the highest B.H.P. This gave 
a corresponding B.H.P. for each of the positions of spark 
and throttle and a comparision could then be made with the 
engine when running under normal conditions. 

After these runs were made the mixture was strengthened by 
having the needle valve on the carburetor opened above nor- 
mal conditions and runs made under the same conditions 
as on the weak mixture. This again gave a comparative 
result of the engine when running under normal conditions. 

Tests Afloat—On all the above runs the fuel and lubri- 
cating oil was measured. The engine was then installed in the 
boat. Runs were made on the 0.7-knot course off the Navy 
Yard for a speed curve at various revolutions. After this the 
engine was run in the boat for an hour under each of the fol- 
lowing conditions; throttle } open, spark ? advanced; throttle 
4 open, spark 4 advanced; throttle } open, spark } advanced. 
This gave results comparative with the tests in the shop. The 
engine was then run in the boat for six hours steady, on full 
spark and throttle, under normal conditions of the carburetor. 
All the above runs were made in the boat on a displacement 
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of 13,200 pounds. If there was any material difference in 
the weight of the engine and 3,600 pounds (the weight al- 
lowed), this difference was removed from the boat and the 
boat run under this condition for a speed curve. 

When these tests were concluded the engine was removed 
irom the boat and opened up in order to measure it and 
also to note its condition. 

Tests of Oil Engines——With the oil engines the stroke of 
the pump was changed and runs made under these different 
conditions to get a B.H.P. and R.P.M. curve. With the con- 
vertible engine runs were made under practically the same 
conditions as with the gasoline engines except that no runs 
were made with the mixture changed. This engine was run 
on kerosene, except on the last runs which were made on gas- 
oline in order to get a curve for a comparative result. 

Results—The power of the engines as shown in the brake 
tests varied from 30 to 74 H.P with revolutions at the rated 
H.P. varying from 350 to 1,000. The weight of the engines 
alone varied from 19.02 pounds per maximum B.H.P. to 81.8 
pounds per maximum B.H.P. The average weight per maxi- 
mum B.H.P. of the engines tested was 53.2 pounds. 

From results obtained the average mean effective pressure 
of the engines tested running at about 500 R.P.M. was 
77.7 pounds and the compression ran about 53 pounds. 
This was obtained from Mr. Frederick Groove’s formula 
M.E.P. = 2C — .01C?, in which C = the compression pres- 
sure in pounds per square inch above the atmosphere. It was 
shown by the tests that the compression has a very important 
effect on the power developed by the engine for a given amount 
of fuel. When the motor is running on gasoline the absolute 
pressure in the cylinder after explosion is roughly 34 times the 
pressure in the mixture before explosion. A rise in tempera- 
ture follows.a rise in compression, and as the temperature 
increases the pressure increases. After the engine has been 
running for a certain definite time on a steady load the tem- 
perature becomes constant, assuming that the circulating water 
is contstant. Compression cannot be carried beyond a cer- 
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tain point for the heat developed would produce pre-ignition. 
Ninety pounds gauge pressure may be taken as a safe limit 
of compression for gasoline. High compression increases 
the power but also increases leakage. The cooling problem 
enters in, there is an increase in the load of the bearings, 
and the motor in general is apt to have a shorter life and be 
less flexible in its speed control. 


CONCLUSIONS, 


From the trials the following conclusions were deduced: 

Most Suitable Type.—No gasoline engine with revolutions 
above 500 per minute should be installed in any heavy-duty 
boat. It might be better to limit the piston speed to 600 feet 
per minute. In all cases reliability and durability are of the 
first importance. In designing gasoline engines it is first 
necessary to know the conditions under which they are to 
operate. A small engine should be designed with a view to 
the greatest possible simplicity and a large engine with a view to 
economy. It is generally preferable to have the engine ver- 
tical, as the wear on the piston is more evenly distributed. A 
single-acting engine is the best construction, the simplest. 
The moving parts should be the same as in a standard marine 
steam engine. To box them up in the crank case in a heavy- 
duty engine is absurd. If a reliable engine is desired it must 
be a slow-running one that will have heavy and large parts 
to meet all requirements. Race-boat weights may run from 
10 to 19 pounds per H.P., but this must not be considered 
a satisfactory machine for service conditions. Light high- 
speed engines for heavy and medium-duty boats are not satis- 
factory for continuous use; they will always give trouble and 
should never be placed in anything but a speed boat. For 
race boats running in inland waters where skilled men oper- 
ate them, these light high-speed engines might be satisfactory 
up to a certain point, but when a boat and engine is needed to 
meet all conditions the slow heavy-duty engine is the only 
one that should be placed in a boat. The present tendency 
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is to install too light an engine. This is not good engineer- 
ing. Speed and lightness must be sacrificed for reliability. 
For work boats the revolutions should run from 250 to 500 
k.P.M., for medium-speed boats from 500 to 700 R.P.M., 
and for high-speed boats from 700 to 1,000 R.P.M. For 
all around work no four-cycle engine weighing less then 35 
pounds per B.H.P. should be placed in any boat. 

Framing, Casings. — All four-cycle heavy-duty engines 
should be of the open type. Accessibility of moving parts 
having a very high number of revolutions is not so necessary, 
as damage cannot be observed and adjustments cannot be 
made. It is dangerous for the attendant and should be 
avoided. It is correct under these conditions to make ac- 
cessibility unnecessary by perfecting all parts, especially the 
lubricator. With slow-running engines accessibility to the 
crank case for examination and repair is the principal re- 
quirement. Openings in the side of the crank case are often 
obstructed by valve gear, carburetors, magneto, starting de- 
vices, etc. To examine the bearing parts they have to be, 
in a good many cases, taken down, a job which in many boats 
is tedious, and for large boats, under some circumstances, 
would mean practically a removal of the engine. The bed 
plate should be of cast iron and should act as a foundation for 
the engine. It should have webbed boxes cast in it for the 
crank-shaft bearings. It should be extended to carry the 
reverse clutch, and no clutch should be installed that is sep- 
arate from the engine equipment. Columns or their equivalent 
should run from the bed plate to the cylinders, making the 
crank case as open as is possible. 

Unnecessary Fittings —There is a tendency on the part 
of all gasoline and oil-engine manufacturers to install a number 
of fittings which are not necessary for perfect operation. 
This increases complication without giving any better results 
in the engine. There should be nothing in connection with 
a gasoline-engine equipment that is not absolutely necessary 
to its running efficiency. The simpler the installation the 
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better. Less trouble will be experienced and less care will 
be necessary. 

Cylinders.—The cylinders, if possible, should be cast singly, 
if not, they should be in pairs having a cylinder head to a 
pair of cylinders. If the cylinders are cast separately the cir- 
culating water should not pass through the cylinder gaskets 
but be by-passed from the cylinder barrels to the heads. The 
cylinders should be made of cast iron with plenty of jacket 
space. 

Stroke and Diameter—For ordinary running a_ stroke 
greater than the bore is preferred except in a high-speed engine 
for racing purposes. High-speed engines are generally built 
with a stroke equal to or less than the diameter of the bore, 
which will give better results than in slow-speed engines. 'Tak- 
ing into consideration the propeller efficiency, the slow-speed 
engine with stroke larger than the bore is preferred. 

Valves and Valve Gear.—The valves should be either auto- 
matically or mechanically operated. The inlet valves on four- 
cycle engines are of two types, the automatic and the mechani- 
cally-operated type. The exhaust valves are all of the mechani- 
cally-operated type. The automatic inlet valves are simple 
poppet valves opening into the cylinders. These valves work 
against a spring and have a small piston which acts as a guide 
working in a cap which is screwed into the top of the cylinder. 
These automatic valves do away with cams, push rods, etc., 
and at slow speeds prove very satisfactory. The spring in 
the valve is set for one speed, and any increase or decrease 
from the normal speed will decrease the efficiency at which the 
valves will work. These valves should be well oiled and 
the caps should never be allowed to become tight in the cylinder 
head. Mechanically-operated valves are in a general way 
worked from a cam on the cam shaft. These cams and cam 
shafts should be made large and heavy with a large bearing 
surface, and all bearings should be placed as near as possible 
to the cams. If mechanically-operated inlet and exhaust valves 
are used it is preferable to have them on opposite sides. In this 
method two cam shafts are necessary. In a small proportion of 
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four-cycle motors an auxiliary exhaust port is provided in the 
wall of the cylinder, which is uncovered by the motion of the 
piston just before the completion of the down stroke. By 
the addition of this auxiliary port the back pressure is greatly 
reduced. The gears for the cam shaft should be placed on the 
outside of the crank case, if possible, and protected by a casing 
which can be easily taken off and the gears examined. The 
push rods run up through guides, which should be made 
long to give a good bearing surface, and the tops of these 
guides should be cupped in order to hold a wick to properly 
lubricate the rod. These push rods should be made square so 
that they cannot turn in the guide. The guides for the 
valve stems should be made long and be water cooled. The 
seats for the valves should be water cooled as thoroughly 
as possible in order to prevent warping. The valves should 
be made of nickel or cast steel and the stems of high-grade 
carbon steel. The stem should be welded to the valve, and no 
screwing or pinning of the stem to the valve is satisfactory. 
The springs for the valves should be held on to the stem by 
means of a cupped collar held to the stem by a key. 
Two-Cycle Engines.—The two-cycle is mechanically simpler, 
having no valves except in the two-port type and in the 
scavenging type. These engines are, as a rule, more complex 
in the travel of the mixture. With high-speed engines the 
two-cycle is more uncertain because the time allowed for the 
various.events is so small. The mixture is pre-compressed 
in the crank case. The method of admitting the mixture 
into the crank case divides the motor into two classes, either 
of the two or the three-port type. With the two-port type 
an automatic valve is fitted in the crank case, allowing the 
mixture to go into the case. On high-speed engines it is 
difficult for this valve to close quickly. This valve should be 
very large and should be adjustable from the outside. To 
do away with this valve a third port is made in the cylinder 
wall just below the exhaust port. When the piston is at the 
end of the top stroke the mixture enters the crank case. In 
order to get as much of the mixture as pussible into the 
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crank case a combination of the two and three-port type is 
sometimes used. The inlet ports must be made large and allow 
easy passage of the gas, as the time of transference of the 
gas is extremely short. Back-firing is prevented by a screen 
in the by-pass which is kept cool by the mixture flowing by it. 

Pumps.—All pumps connected with the engine should be 
of the plunger type, being made amply large, of composition, 
and arranged to run slowly. There should be three pumps— 
one circulating, one bilge and one air pump. They should be 
driven either by gears, by an eccentric, or by a crank from the 
cam or crank shaft, and no friction, belt or chain drive should 
ever be used. These pumps should be made to run at slow 
speed, and it is a safe rule to limit the speed of the pump to 
half that of the engine. No bilge water should be allowed 
to go through the jackets. A check valve should be placed 
on the suction side of both the bilge and the circulating pumps, 
and these pumps should also be fitted with air chambers. 
With kerosene engines there should be a kerosene pump for 
each cylinder, so that each cylinder can be a unit in itself and 
not rely on one pump to supply fuel for all cylinders. No 
gear pump should be used in connection with any gasoline 
equipment. 

The two most important factors in the running of gasoline 
engines is the mixture going to the engine and the ignition. 
If these two items are properly regulated the engine will 
ordinarily run satisfactorily. 

Air Supply.—To secure an explosion in an engine running 
with gasoline it is necessary to have a certain minimum pro- 
portion of air. There is a maximum limit to this proportion 
in order to obtain ignition and combustion, and this limit will 
be reduced when it is desired to obtain the maximum power. 

Fuel.—The finer gasoline is divided at the nozzle of the 
carburetor the better it will vaporize and the heavier will 
be the oil that can be used. Gasoline is midway between ben- 
zine and kerosene, and is sold in quantities according to its 
specific gravity, which on the Baume scale, runs from 60 to 70. 
Gasoline is ordinarily used for internal-combustion engines 
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in this country, but it is gradually becoming lower in proof, 
and it is only a question of time when the gasoline motor 
will develop into an oil motor. This, of course, will depend 
on the proof, the cost and the demand for gasoline. 

Leaks.—There is danger in the use of gasoline which should 
never be lost sight of in working with it. All leaks found 
should be immediately repaired. Leaks will drain into the 
bilge, and as gasoline is lighter than water it will float and 
gas will be given off, increasing when the liquid is agitated 
by the motion of the boats. Unless this space is kept 
thoroughly ventilated an explosion is liable to result. 

Carburetors.—There are various forms of carburetors on 
the market, but the simplest are generally the best. Carbu- 
retors on the two-cycle three-port type must be considerably 
larger than necessary for the four-cycle type of the same size 
and speed, and the auxiliary air valve must be light to 
decrease the sluggishness due to inertia. As fitted most 
carburetors are placed on the inlet pipe and take air for 
the carburetor from an opening on the carburetor itself, 
having no control of the temperature. This equipment 
is efficient for summer work when the weather is warm, 
but to meet all conditions of service an air pipe should lead 
from the air opening on the carburetor to a casing fitted on the 
unjacketed port of the exhaust pipe. In cold weather frost- 
ing in the inlet pipe and carburetor is an important factor, 
as it will form ice on the inside as well as the outside and 
gradually reduce the power of the engine. 

Heating the Air—When the motor is running the vapor 
pipe will gradually become cold and freeze due to the process 
of vaporization going on in the pipe. By heating the air to 
carburetor the engine will be more certain of operation in cold 
weather, but no more heat should be supplied than is just 
sufficient to effect the proper vaporization. ‘The mixture 
should go into the cylinders at about 60 degrees F. The 
casing on the exhaust pipe should be fitted with holes and 
a baffle placed inside the casing, so that the air will have to 
travel all around the exhaust pipe before entering the air 
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pipe. A shutter should be fitted in this air pipe, which may 
be either opened or closed, depending on the temperature of 
the air, so that the air going into the carburetor may be at all 
times at the proper temperature. The inlet pipe from the 
carburetor to the inlet manifold should be fitted with a jacket, 
so that the warm circulating discharge from the engine jacket 
may pass through this jacket and warm the ingoing gas. Hot 
air may be taken from the air casing around the exhaust 
pipe instead of the water. The pipes to this jacket should be 
fitted with cut-out valves, so that in case the temperature 
runs up the warming of this jacket may be cut out. The inlet 
manifold on any engine should be so designed that the mix- 
ture will have an equal travel to all cylinders, so that the 
quality of the mixture and amount of gas will be the same 
to each cylinder. 

Ignition, Magneto.—Ignition is the most important factor 
in a gasoline-engine equipment. It is generally of three types, 
high-tension jump-spark, low-tension jump-spark, and the 
make-and-break. The first two involve more electrical compli- 
cations, while the latter—the make-and-break—is much simpler. 
With the make-and-break, however, the mechanical details 
enter. The make-and-break system is preferred in slow-run- 
ning heavy-duty engines which run below 500 revolutions, 
while above that the low-tension jump-spark is preferred. 
The make-and-break contact points are now generally made 
of steel alloys. Blunt ends or flat surfaces give good contacts. 

There is a system now in use which has the spark coil in 
connection with the plug. This is very simple and does away 
with much excess wiring, and also eliminates the high-tension 
current going to the plug. It is preferable to have two sys- 
tems of ignition, using one as a reserve. 

There is generally too little attention paid to ignition in 
order to get a successful performance of the machinery. The 
magneto is generally placed low down near the bilge of the 
boat. This should in all cases be raised up to a height with 
the tops of the cylinders to keep it out of dirt from the floor- 
ing. It should be placed on a good, stiff bracket and should 
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have a direct drive, no friction or belt drive being permitted. 
The magneto itself should be covered by some suitable ma- 
terial to keep it free from dirt and moisture. 

The wiring for any high-tension work should be of heavy 
insulation, being at least 3/16 of an inch thick, and the short- 
est leads possible should be used. Wire for other work 
should be covered with good insulation having a para-rubber 
mixture. All wiring should be run in permanent conduits 
of either metal or rubber tubing, and these should be made 
perfectly watertight. The ends of all wires should be per- 
manently marked and also the connections on the engine, 
magneto, switch, coil and timer (if used) to correspond, so 
that the ignition can be easily connected up. This is es- 
pecially important in high-tension work. If a timer is used 
in connection with the electric ignition, it should be kept 
clean and the revolving contacts should firmly touch each 
contact point. All spark plugs should have a good, substantial 
barrel to screw into the cylinder with enough metal so that it 
will not spring. 

Governor.—There should be a governor in connection with 
a gasoline engine which will control the opening of the 
throttle and the speed, so that when the clutch is thrown out 
the engine will not race. A satisfactory arrangement to pre- 
vent racing is to have a control arranged from the clutch 
handle so that when the clutch is thrown out it will auto- 
matically: nearly close the throttle. The control handles should 
be worked on an are and made long, giving a small travel of 
the control levers for a long travel of the handle. 

Flywheel.—A large, heavy flywheel is an advantage in a 
slow-running heavy-duty engine, especially when the com- 
pression is high. This will aid in governing the engine and 
also give it a better balance. To relieve stresses in the crank 
shaft it is better to have the flywheel aft, but this will take 
up a great deal more room. For all around work it is better 
to place the flywheel forward. The hub on the flywheel should 
be split and held on the shaft by a key and bolts so that the 
flywheel will not become stuck fast to the shaft. 
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Lubrication.—The lubrication of a gasoline and oil engine 
is generally of three kinds: gravity feed, splash and forced 
feed. For high-speed engines the splash system of lubri- 
cation is preferred, especially when the engine is enclosed. 
With this system there is generally a small oil pump driven 
by the engine, drawing oil from the crank base and distri- 
buting it by means of piping to the various bearings and 
dropping again to the crank case. For slow heavy-duty engines 
the mechanical feed is preferred with as few feeds as possible. 
In this system a definite amount of oil under the direct con- 
trol of the operator is delivered to each bearing. A simple 
method of oiling the cylinders is to run the gasoline and 
lubricating oil in the proportion of about one pint of oil to 
five gallons of gasoline. Two-cycle engines sometimes use 
grease cups on the crank-shaft bearings to prevent leakage. 
Another method is to place a large sight-feed oiler on the 
intake pipe. No chain, belt or friction drive should be used 
in connection with any mechanical oiler, but all drives should 
be direct. 

Reversing.—There are three methods of reversing employed 
with a gasoline equipment in a boat; first, by reversing the 
engine alone; second, by reversing with a clutch; and third, 
by reversing with a reversible propeller. With the first 
method the engines are either of the two or four-cycle type 
with from four to six cylinders. Heavy-duty engines of 
this type of over 100 B.H.P. have been in successful operation 
for a number of years. Air is generally used in reversing. 
The reversing clutches (second method) are of three kinds, 
namely: the cone clutch, having two cone surfaces fitting into 
each other, the angle not being greater than 12 degrees to 
20 degrees; the plate clutch, transmitting the friction through 
two or three plates and gradually taking up the load with- 
out a sudden shock; and the external expanding clutch, which 
is a ring of metal expanded by wedges against an internal 
surface of another thus making the friction at a greater dis- 
tance from the center of the shaft. In a good many cases 
of late a positive lock is used in connection with the clutch 
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when running in the ahead motion. The load is taken up 
first by the friction clutch and then the positive lock is thrown 
in. When the horsepower is above 100 it begins to be dif- 
ficult to move the reversing levers by hand. In using a re- 
verse gear never overload the gear; it is preferable to have 
the gear too large than too small; the gear should always be 
kept properly adjusted and well lubricated. Care should be 
taken in throwing the reverse clutch in, and the load should be 
taken up as gradually as is possible in order to relieve the 
strain on the engine. In the third method the pitch of the 
blades is changed, the engine at all times running in the same 
direction. With small propellers the hub is naturally small 
and it is difficult to fasten the blades to the hub. This is the 
principal requirement, and if properly fitted it will wear in 
time. This device is light in weight and the operation of re- 
versing is simple. 

Types of Oil Motors.——Oil Motors are of two types, the 
first being where the oil is vaporized outside the cylinders 
by heat from the exhaust. In the first method it is necessary 
to start on gasoline and run until the exhaust pipe is hot, then 
the gasoline is cut off. The mixture, instead of passing direct 
from the carburetor to the cylinder, passes into a chamber 
surrounding the exhaust pipe, being so proportioned to prop- 
erly vaporize the oil. This type can run on either gasoline 
or oil. The second method is where the oil is injected direct 
into the cylinders and vaporized then by the heat inside. The 
vaporizer in the cylinder is kept at a dull-red heat and liquid 
fuel is injected into the vapor. Before starting the vaporizer 
is heated by an external flame and it is afterwards kept hot 
by the explosion and compressions in the cylinders. In the 
Diesel type the compression runs up to about 500 pounds, 
and at the end of this stroke oil is forced into the compression 
space which is ignited and the burning is kept up gradually 
as the piston recedes. The fuel pumps are so timed as to 
inject oil into the cylinder when the piston is at the end of 
the compression stroke. The speed and power of the engine 
is regulated by the stroke of the fuel pumps. 
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LLOYD’S RULES FOR INTERNAL-COMBUSTION 
ENGINES. 


Lloyd’s Register of British and Foreign Shipping issued 
on June 16th, the following rules for the survey of internal- 
combustion engines for marine purposes: 


GENERAL. 


Section 1.—In vessels propelled by internal-combustion 
engines the rules as regards machinery will be the same as 
those relating to steam engines so far as regards the testing 
of material used in their construction and the fitting of sea 
connections, discharge pipes, shafting, stern tubes and pro- 
pellers. 


CONSTRUCTION. 


Section 2.—The following points should be observed in 
connection with the design of the engines: 

2. The shaft bearings, connecting-rod brasses, the valve 
gear, the inlet and exhaust valves must be easily accessible. 

3. The reversing gear and clutch must be strongly con- 
structed, and easily accessible for examination and adjustment. 

4. In engines of above 60 brake horsepower which are not 
reversible, and which are maneuvered by a clutch, a governor 
or other arrangement must be fitted to prevent racing of the 
engine when declutched. 

5. Efficient positive means of lubrication—preferably sight 
feed—must be fitted to each part requiring continuous 
lubrication. 

6. The engines are of closed-in type; they must be so 
fitted that the contained lubricating oil can be drained when 
necessary, and in wood vessels an easily-drained metal or 
metal-lined tray must be fitted to prevent leakage of either 
fuel oil or of lubricating oil from saturating the woodwork. 
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7. Carburetors, where petrol is used, and vaporizers, where 
paraffin is used, should be so designed that when the engine 
is stopped the fuel supply is automatically shut off. If an 
overflow is provided in the carburetor or vaporizer, a gauze- 
covered tray with means of draining it must be fitted to pre- 
vent the fuel from flowing into the bilges. 

Strong metallic-gauze diaphragms should be fitted, either 
between the carburetor (or vaporizer) and cylinders or at the 
air inlets. 

8. If the ignition is electric, either by magneto or by coil 
and accumulator, all electric leads must be well insulated and 
suitably protected from mechanical injury. The leads should 
be kept remote from petrol pipes, and should not be placed 
where they may be brought into contact with oil. 

The commutator must be enclosed, and the sparking coils 
must not be placed where they can be exposed to explosive 
vapors. 

9. No exposed spark gap should be fitted. 

10. In paraffin and heavy-oil engines, where lamps are used 
for ignition or for vaporizing, these lamps should be fixed by 
some suitable bracket, and the flame enclosed when in use. 

11. The circulating-pump sea suction is to have a cock or 
valve on the vessel’s skin placed on the turn of the bilge in an 
easily accessible position, and the circulating pipe is to be pro- 
vided with an efficient strainer inside the vessel. The dis- 
charge overboard is to be fitted with a cock or valve on the 
vessel’s skin if it is situated under or near the load line of the 
vessel. 

12. A bilge pump worked by the engines, or an indepen- 
dent power-driven bilge pump is to be fitted to draw from 
each part of the vessel. In open launches this bilge pump 
may be omitted, provided suitable hand pumps are fitted. 

13. The cylinders are to be tested by hydraulic pressure to 
twice the working pressure to which they will be subjected, 
the water jackets of the cylinders to 50 pounds per square 
inch, and the exhaust pipes and silencer to 100 pounds per 
square inch. 
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14. The exhaust pipes and silencer should be efficiently 
water-cooled or lagged to prevent damage by heat, and if the 
exhaust is led overboard near the water line, means must be 
arranged to prevent water from being syphoned back to the 
engine. 

15. The machinery must be tried under full working con- 
ditions, the report stating the approximate speed of vessel, the 
number of revolutions of the engines at full power, both 
ahead and astern, and the lowest number of revolutions of 
the engines which can be maintained for maneuvering 
purposes. 


RULES FOR DETERMINING SIZES OF SHAFTS. 


Section 3.—The crank, intermediate and other shafts, if 
of ordinarily mild steel, are to be of not less diameters than as 
given in the following table. When special steel is used the 
sizes are to be submitted for consideration. 

1. For petrol or paraffin engines for smooth water services : 

Diameter of crank shaft, in inches, = CD25, 


where D = diameter of cylinder, in inches, 
S = stroke of piston, in inches. 


| Bearing Two cranks 
Four-stroke cycle. — — | between each | between the 
— crank. bearings. 
For I, 2, 3 or 4 cylinders........ | C=.34 C= .38 
3 cyls. | C=.36 C= .40 


For open-sea service add .02 to C. 


Diameter of intermediate and screw shafts, in inches, = 
where D = diameter of cylinder, in inches, 
S= stroke of piston, in inches, 
nm = number of cylinders. 


For smooth-water services— For open-sea services— 
C = .155 for intermediate shafts. | ae 
C = .170 for screw shafts fitted with , C= 180 
continuous liners. 
C = .180 for screw shafts fitted with C= .59p 


separate liners or with no 
liners. 
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In engines of two-stroke cycle n is to be taken as twice the 
number of cylinders. 

2. When ordinary deep-thrust collars are used, the di- 
ameter of the shaft between the collars is to be at least 
21/20ths of that of the intermediate shaft. 

3. In the cases of Diesel and other engines in which very 
high initial pressures are employed, particulars should be 
submitted for special consideration. 


FUEL TANKS AND CONNECTIONS. 


Section 4.—1. Separate fuel tanks are to be tested with all 
fittings to a head of at least 15 feet of water. If pressure 
feed tanks are employed, they are to be tested to twice the 
working pressure which will come on them, but at least to a 
head of 15 feet of water. If the tanks are made of iron 
or steel they should be galvanized. 

2. Strong and readily removable metallic-gauze diaphragms 
should be fitted at all openings on petrol tanks. — 

3. Paraffin or heavy-oil tanks, not used under pressure, are 
to be fitted with air pipes leading above deck. Pressure-feed 
tanks and tanks containing petrol should be provided with 
escape valves discharging into pipes leading to the atmosphere 
above deck. The upper ends of all pipes are to be turned 
down, and pipes above 1-inch diameter are to be provided 
with gauze diaphragms at the end. 

4. No-glass gauges are to be fitted to fuel tanks containing 
either petrol, paraffin or heavy oil. 

5. Filling pipes are to be carried through the deck so that 
the gas displaced from the tanks has free escape to the 
atmosphere. 

6. Separate fuel tanks should be provided with metal-lined 
trays to prevent any possible leakage from them flowing into 
the bilges or saturating woodwork. Arrangements are to be 
provided for emptying the tanks and draining the trays be- 
neath them. For petrol tanks the trays must have drains 
leading overboard where possible, or they should be’ gauze- 
covered trays with means for draining them. 
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7. All fuel pipes are to be of annealed seamless copper, with 
flexible bends. Their joints are to be conical, metal to metal. 
A cock or valve is to be fitted at each end of the pipe convey- 
ing the fuel from the tank to the carburetor or vaporizer. The 
fuel pipes should be led in position where they are protected 
from mechanical injury and can be exposed to view through- 
out their whole length. 

8. The engine room and the compartment in which the 
fuel tanks are situated are to be efficiently ventilated. 

9. An approved fire-extinguishing apparatus must be 
supplied. 

PERIODICAL SURVEYS. 


Section 5.—1. The machinery is to be submitted to survey 
annually. At these surveys the cylinders, pistons, connecting- 
rods, crank and other shafts, inlet and exhaust valves and 
gear, clutches, reversing gear, propeller, sea connections and 
pumps are to be examined. The electric ignition is to be 
examined and the electric leads tested. The fuel tanks and all 


connections are to be examined, and, if deemed necessary by 
the surveyor, to be tested to the same pressure as required 
when new. If practicable, the engines should be tested under 
working conditions. - 

2. The screw shaft is to be drawn at intervals of not more 


than two years. 
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DESCRIPTION AND OFFICIAL, TRIALS. 


By JR., ASSOCIATE. 


The Preston (Torpedo-Boat Destroyer No. 19), built by 
the New York Shipbuilding Company, Camden, New Jersey, 
is one of the five vessels of this class authorized by Act of 
Congress making appropriations for the fiscal years ending 
June 30th, 1907, and June 30th, 1908. The remaining ves- 
sels of this class have been already described in the JOURNAL; 
the Flusser and Reid in the February, 1910, number, and the 
Smith and Lamson in the present issue. 

The contract was signed September 28th, 1907, time for 
completion to be twenty-four months; the keel was laid April 
29th, 1908; vessel launched July 14th, 1909, and delivered to 
the Government at the Philadelphia Navy Yard December 
Z1st, 1909. The delay of two months and twenty-three days 
over the contract time was occasioned by difficulty in securing 
sound castings for the turbine engines, much of the work be- 
ing condemned after considerable progress had been made in 
the machine shop. 

The contract price for the construction of the hull and 
machinery was $645,000.00, of which $270,000.00 was al- 
lotted to the hull and $375,000.00 for propelling machinery 
and auxiliaries. 

The contract required a progressive trial over a measured 
mile in water not less than 30 fathoms deep, for the purpose 
of standardizing the screws, the runs extending from maxi- 
mum to a minimum speed of 12 knots, at a displacement of 
700 tons; a full-speed trial of four hours’ duration in open 
sea in deep water, at a displacement of 700 tons, at an aver- 
age speed of not less than 28 knots per hour, the steam pres- 
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sure not to exceed 240 pounds per square inch, and the water 
consumption not to exceed 15.5 pounds; an endurance and 
coal-consumption trial of twelve hours in open sea in deep 
water at a displacement of 700 tons, at an average speed of 
not less than 24 knots per hour, the speed to be as nearly uni- 
form as possible, and the water consumption not to exceed 17 
pounds; an endurance and coal-consumption trial of twenty- 
four hours in open sea in deep water (which trial was re- 
duced to twelve hours by direction of the Navy Department), 
at a displacement of 700 tons, at an average speed of 16 knots, 
the speed to be as uniform as possible, and the average water 
consumption not to exceed 26.75 pounds. All of the above- 
mentioned trials were run off successfully, and the contract- 
ors are deserving of full credit for having turned out such an 
excellent piece of work, especially in view of the fact that the 
vessel was the first destroyer built by them, and contained their 
first attempt at the manufacture of Parsons turbine work, em- 
bodying such intricate and delicate construction, all of which 
worked most satisfactorily under trial. 


GENERAL, DESCRIPTION OF THE VESSEL. 


Hull. 


The hull is built of medium and hard steel, galvanized in 
all parts of shell and frame below the water line, and all parts 
lightened by omitting or by cutting out useless material. The 
proportion of length to beam of hull is 11.14 to 1. 

There is a main deck and raised forecastle, the latter ex- 
tending as far aft as frame 41. Under the forecastle are lo- 
cated the quarters for four commissioned officers, a bath room 
and toilet, the officers’ pantry, the ship’s galley, and a crew’s 
water closet. 

There are four smoke pipes, oval in section, raised hatch 
coamings for the firerooms, four forced-draft down-takes 
with concave hoods which can be raised to form deflectors for 
the wind or can be battened down to keep out the sea or 
weather. The air ducts are about waist high when closed. 
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Abaft the smoke pipes on deck is the engine-room hatch, 
abaft of which is the deck house, including a crew’s water 
closet and wash room, a wireless-telegraph room and a hatch- 
way to the berth deck. 

Under the forecastle forward of the officers’ quarters, from 
frame No. 12, is the lamp room, and forward of that is a 
small storeroom in the bow. The berth deck extends as far 
aft as frame 48 and aft from frame 124 to frame 160. Be- 
tween frames 16 and 48 are the petty officers’ quarters and 
the crew space, separated by a watertight bulkhead at frame 
29, with a watertight door, the petty officers’ space being for- 
ward of the crew’s space. The latter is reached from the 
main deck by a ladder, and the petty officers’ space is reached 
from forecastle deck also through the crew space. Forward 
of the crew space on the berth deck are an electrical and 
equipment storeroom and the paint and oil storeroom. A 
smaller storage space is available in the bow. The narrow 
space in the bow is filled in with concrete of coke and cement. 
The two forward storerooms are reached from the deck above, 
and the electrical storeroom is reached through a door in the 
forward watertight bulkhead of the petty officers’ space. 
These living spaces are sheathed with No. 27 U.S.G. sheet 
iron, cork painted. In the petty officers’ quarters are four- 
teen metal folding berths, and in the crew space are thirty-six 
of these berths. One mess table is provided for the petty 
officers and two for the crew space. As the crew space is ad- 
jacent to the forward boiler space, the bulkhead between them 
is insulated by one inch of asbestos fire-felt, sheathed by No. 
27 sheet iron, on the after side. These quarters and store- 
rooms are lighted by dead lights and air ports in the ship’s 
sides. There is no artificial ventilation excepting electric fans 
in living spaces. 

The after berth deck is divided as follows: From frame 124 
to 138 are the quarters for 27 men of the engineer’s force. 
From 138 to 149 are quarters for 8 chief petty officers. Metal 
folding berths for the engine-room force are arranged three 
tiers high, and for the chief petty officers two tiers high. There 
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is one mess table in the latter and two in the former compart- 
ments. Abaft of the chief petty officers to the stern is a con- 
struction and repair storeroom. Under the engineer-crew 
space are three ammunition rooms, a magazine for war heads, 
a handling room and the shaft alley. Wnder the chief petty 
officers’ quarters are the engineers’ and ordnance storerooms. 
Under the construction and repair storeroom are two trim- 
ming tanks of the following capacities: D-6, 8 tons salt water ; 
D-7, 4.9 tons salt water. From frame 154 to the rudder port 
the stern framing is cut away to form a recess for the middle 
propeller. The living spaces and storerooms on the berth- 
deck aft, like those forward, are provided with air ports and 
dead lights. 

Under the crew space forward, from frame: 40 aft, are a 
fresh-water tank, a handling room and 3-inch magazine, re- 
serve feed-water tank and wet-provision storeroom. Under 
the petty officers’ space are the dry provisions, officers’ mess 
stores and small storeroom. Next comes the chain locker 
(under the electrical storeroom), and next (under the paint 
and oil room) is a 9.8-ton trimming tank, forward of which, 
in the fore foot, is a 1.8-ton trimming tank. 

There are two boiler compartments and one engine com- 
partment. 

The capstan is located on the forecastle with its engine se- 
cured immediately underneath on the watertight bulkhead be- 
tween the captain’s and the lamp rooms. It is a diminutive 
vertical-cylinder (two) steam engine, built by the Hyde Wind- 
lass Company, Bath, Maine, and is controlled by a lever from 
deck. 

The machinery spaces extend from bulkhead at frame 49 to 
frame 124, exclusive of the shaft alley, which latter extends 
as far aft as frame 138. The engine room is included between 
frames 97 and 124. 

Coal bunkers extend alongside the boiler spaces. In ad- 
dition to these fore-and-aft bunkers there are two athwartship 
bunkers, one between the boiler compartments and one be- 
tween the after boiler compartment and the engine room. 

The following are the particulars of the hull: 
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Length between perpendiculars, feet and inches 
Projection forward of F.P., feet and inches. 
Length over all, feet and inches......... 
on load water line, feet and inches 
of straight keel, feet and inches. 
Breadth, molded, at 8 ft. o ins. water line, feet and inches 
Depth, molded, main-deck side at frame 83, feet and inches....... 
Draught, normal, feet and 
Displacement, normal, tons 
per inch at of 8 ft. in., tons... 
Ratio of length to beam.. 
Area L.W.L., plane, equare feet 
of wetted surface, square feet 
C.B., above bottom of keel, feet 
Transverse metacenter above C.B., 
Longitudinal metacenter above C.B., feet 
Coefficient of fineness, 
midship 
Number of frames, spaced 21 inches. 


COMPLEMENT. 


Commanding officer, 

Officers, 

Seaman branch, 

Artificer branch, . 

Special branch, 

Commissary branch, 
_Messmen branch, 


Total, 


CAPACITY OF TANKS. 


Compartment. Gallons. Tons F. W. 
Reserve-feed tank 1,878 7.0 

4.3 
1.8 

2,573 9.8 

2,100 8.0 

1,290 4-9 

3,515 13.0 


Tons S. W. 


929 
= 
289-00 
2-02 = 
293-104 
242-07# 
25-11 
695-4 
11.8 
4,971.0 
7,600.0 
2.46 
5.16 
0,122" 
8.03 
817.88 
0.403 
0.652 
0.662 
164 
. . . . . 3 
eee 
18 
9.6 
7.8 
4.8 
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HEIGHTS. 


Above outer keel plate amidships : 
Top of truck foremast, feet and inches 
mainmast, feet and inches 
Searchlight platform floor, feet and inches.............. 
Bridge at side, feet and inches 
Top of forecastle deck at stem, feet and inches............++- 
main deck at stern 


Admission and egress to and frem the boiler spaces is by 
raised hatches, one over each side of fireroom. These hatches 
have spring catches and glass dead lights. 


MAIN ENGINES. 


The propelling machinery consists of Parsons turbines, a 
description of which, covering the general features, is given 
below : 

The cylinders or casings are made of hard close-grained 
cast iron, divided into two parts, at the axis on a horizontal 
plane, the bearings at each end being a part of the lower 
casting, this lower half also being provided with feet for bolt- 
ing to the seatings. The method of machining the cylinders 
was to rough-bore and plane, after which the parts were bolted 
together and given the maximum hydrostatic test. Castings 
were then heated by steam at atmospheric pressure for 24 
hours, to anneal same, and allowed to cool, after which the 
finishing work was done and the cylinders grooved for the 
blading. 

The rotor drums are Class A forged steel, and the rotor 
wheels, or spiders, are forged in one piece, being a part of the 
rotor shaft; the shafting being Class A forged steel, and the 
wheel portion Class B forged steel. These forgings were re- 
ceived at the works rough machined, the spiders being slotted 
out to true proportions, thus giving a perfectly balanced rotor 
—a very expensive operation, but undoubtedly the most satis- 
factory when finished as in this instance. The blading is 
Parsons standard system, the composition of the blades and 
binding strips being 72 per cent. copper and 28 per cent. zinc; 
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the caulking strips being 634 per cent. copper and 364 per cent. 
zinc, and the binding wire of copper. 

The arrangement provides for five ahead and two astern 
turbines (the astern turbines being a part of the L.P. ahead), 
driving three shafts for going ahead and two when going 
astern, the disposition of the turbines being as follows: The 
center shaft being driven by the main H.P. turbine, the star- 
board shaft by the I.P. cruising, and one L.P. ahead turbine 
and the port shaft by the H.P. cruising and one L.P. ahead 
turbine, the cruising turbines for both of the wing shafts be- 
ing forward of the low-pressure turbines. For full speed 
ahead steam is admitted to the main H.P. turbine, and after 
expanding into the two L.P. turbines is exhausted into the 
condensers, the H.P. and I.P. cruising turbines under this con- 
dition revolving in a vacuum, this vacuum being maintained 
through the turbine drains. 

For low cruising speeds steam is admitted to the H.P. cruis- 
ing turbine and expanded into the I.P. cruising turbine, and 
from this turbine into the main H.P. turbine, and thence 
through the L.P. turbines into the condensers. 

For high cruising speeds steam is admitted to the I.P. cruis- 
ing turbines and expanded into the main H.P. turbine and 
thence through the two. L.P. turbines into the condensers; 
steam not being admitted to the H.P. cruising turbine under 
this condition, the turbine revolving in a vacuum which is 
maintained through the drain, the connection between the 
H.P. cruising and L.P. cruising turbines being closed by 
means of a self-closing valve. Self-closing valves are also 
fitted on the exhaust pipe from the main H.P. to the L.P. 
turbines, so that the L.P. ahead and the astern turbines can 
be operated as desired, the starboard and port engines being 
entirely independent. Under these conditions the main H.P. 
turbine is not in use and is connected to the condenser by the 
drain. The exhaust pipe from the H.P. cruising to the I.P. 
cruising turbine and from the I.P. cruising to the main H.P. 
turbine is provided with screw-down self-closing valves. 
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MAIN—-ENGINE DATA. 


Diameter of rotor drums : 


L.P. astern turbines, inches........... 29% 
Diameter of cylinders : 
Main H.P.turbine, inches. ...........-.esecesessesees 32% 34 354 38 
H.P. cruising turbine, 30 31 31% 
I.P. cruising turbine, inches... .................... 30% 31} 32 
L.P. ahead turbines, inches...............c000000+ 46% 48 494 52 54 59 
Number of expansions : 


Length of cylinder for blading, for each diameter and expansion noted 


above: 
Main H.P. turbine, I3¢ 144 17 18} 


H.P. cruising turbine, inches................... 164 174 17% 
I.P. cruising turbine, inches..... ..........++. 16% 21% 204 
L.P. ahead turbines, 7 7% 30f8 8} 88 84 
L.P. astern turbines, II¢ 144 15 
Rows of blading for each expansion : 
4 0f 5, 4 0f 4 
Length of blades for each expansion : 
Main H.P. turbine, inches............. 18 23 3 44 
H.P. cruising turbine, inches.................... O# Of 
I.P. cruising turbine, of 
L.P. ahead turbine, 1§ 24 3 4t 52 3 0f 7% 
L.P. astern turbine, of 28 28 
Rotor shafting and bearings : Length. Diameter. 
hole. and shaft. 
ins. ins. ims. St. ins. 
Main H.P. turbine............... 7 7 3+ Ir 1145 
H.P. cruising turbine............ 7 7 34 Io 02%; 
I.P. cruising turbine............ 7 7 3+ 10 10% 
L.P. ahead turbine............... 12 7 34 17 o8}% 
7 
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Thrust bearings : 
Collars on shaft : 
Thickness, inch..... 
Space between, inch 
Outside diameter, inches 8t 
Inside diameter, inches............ 5t 5t 5t 
Bearing surface, top, sq. inches. 265.2 IOI,12 IOI.12 
bottom, sq.in.. 282.88 115.56 115.56 
Number of shoes, top 7 7 
16 8 8 
Effective thrust surface (oil grooves out), full speed ahead, sq. in 
astern, square inches. 
cruising speed, sq. inches... 736.5 
Steam thrust, square inches 201.87 + 736.5 total, 938.37 
Number and diameter of steam and exhaust connections : 
M.H.P. B.LP.C. LP.C. L.P. ahead. L.P. astern, 
Steam, inches...... 2 0f9 1of5 1 of 74 1 of 6 1of7 
Exhaust, inches.. 2 of 16 1of9 1 of 13 1of 394 < 46% 


The working platform is immediately abaft the forward en- 
gine-room bulkhead, upon which is located all of the valves 
and other operating gear, such as gauges, counters, telegraphs, 
etc. Composing the group of turbine-operating valves are the 


9-inch angle; main steam-stop valves, one on each side; the 
starboard valve admitting steam from the two forward boil- 
ers, and the port valve from the two after boilers. Pipes from 
these valves lead to a distributing casting located amidships, at 
the bottom of which is a 12-inch balanced throttle valve, at the 
bottom of which is a steam strainer with two 9-inch branches 


for steam to the main H.P. turbine, and on the starboard side 
of this valve is located a 74-inch globe stop valve for steam to 
the I.P. cruising turbine, and on the port side a 5-inch globe 
stop valve for steam to the H.P. cruising turbine. 

On the horizontal arms of the distributing casting are two 
combination double-beat valves for steam direct to the L.P. 
ahead and astern turbines, these valves being used for maneuv- 
ering; the valve stems being actuated by a double-ended lever 
controlled by springs, and so arranged that when one valve is 
opened the other is closed. The upper valve of the combina- 
tion is 7-inch for steam to the L.P. astern turbines and the 
bottom valve is 6-inch for steam to L.P. ahead turbines. By 
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turning the maneuvering valve hand-wheel to the right the 
lower valve is closed and the upper one is opened, thereby 
admitting steam to the L.P. astern turbine, the operation, of 
course, being vice versa for going ahead. 

All valves and castings are composition and all piping is of 
seamless-drawn steel, with rolled-steel flanges. 


SHAFTING. 


There are three lines of shafting, all of Class A forged 
steel, arranged as follows: the starboard and port lines aft of 
the turbines each consisting of four sections, two of which are 
line, one stern-tube and one propeller; and the center line con- 
sists of five sections, four of which are line and one stern tube. 
the latter in this instance also being the propeller shaft. The 
shaft couplings are of the Lovekin type described many times 
in this JouRNAL. The stern-tube shafting is the only portion 
that is covered, the casing at the bearings being of composi- 
tion H, and that between the bearings being seamless-drawn 


brass tubing 4-inch thick. 


Data for Shafting. 


Outboard shafting : 
Line shafting, forward section, length, feet and inches............... 
after section, length, feet and inches........ women 
Stern-tube shafting, length, feet and inches 
Propeller shafting, length, feet and inches...... piodendndeeienctontceeiia 17-02}4 
Total length, feet and 000 63-09% 
Center shafting : 
Line shafting, forward section, length, feet and inches 
center, length, feet and inches............... 
after center, length, feet and inches................+++ 
section, length, feet and inches.............+. 
Stern tube, length, feet and inches 
coupling flanges, inches.............. 
Thickness of coupling flanges, inches 
Diameter of shafting at steady bearings, inches........ 
Length of steady bearing, eve 
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Number of steady bearings : 
Outboard shafting, each 
Center shafting 
Length of inboard stern-tube bearings, feet and inches 
outboard stern-tube bearings, feet and inches 
strut bearings, feet and 


PROPELLERS. 


The propellers are of manganese-bronze, the blades being 
cast solid with the hub, which is bored taper to fit the pro- 
peller shaft, being held in place by two longitudinal keys and 
a composition nut on the end of the shaft. The nut is locked 
in place and covered by a composition cap bolted watertight 
to the hub. The driving faces of the blades were machined 
to a true surface, the backing faces being ground to a good 
surface, after which the entire surface was polished. Each 
propeller was accurately balanced. The starboard and outer 
propeller are right-handed and the port left-handed. 


Data for One Propeller (Regular). 


Diameter of propeller, feet and inches 
Pitch of propeller, feet and inches 
Ratio of diameter to pitch 
Area, projected, square feet 
disc, square feet 
Ratio of projected to disc area, 
Area of immersed midship section, square feet 
Ratio disc to immersed midship-section area.,.........s00sseeeee+ 
projected disc to immersed midship-section area......... policies 
Height of lower tip of blade above keel, wing, inches 
below keel, center, inches 
Immersion of upper tip of blade, wing, feet and inches 
center, feet and inches................ 
Length of longitudinal keys, 
Thickness of longitudinal keys, inch 
Width of longitudinal keys, inches 


Spare propellers made subsequent to the trial have the fol- 
lowing dimensions : 
61 


935 
2-09 
“ 

a 

3 
4-09 
0.95 
12.27 
13.44 
19.635 
oO. 
625 
136.0 
0.144 
0,0902 
0-03 
2-104 a 
4-03 
0-134 
o-co} 
2 
a 
are 


936 U. S. S. PRESTON. 


Ratio of projected to disc area 


BOILERS. 


There are four boilers of the Thornycroft express type, 
coal burning, two in each boiler compartment, each boiler hav- 
ing a separate smoke pipe. Each boiler has a single furnace, 
with four furnace and two ash-pit doors, the firerooms being 
closed when under forced draft. The ash-pit doors are in- 
swinging and arranged to close automatically in case of a 
tube bursting. The furnace doors, although of the out-swing- 
ing type, can be closed easily by hand, as they are over- 
balanced. 

The boilers consist of the usual steam and water drum lo- 
cated fore and aft, and almost entirely surrounded by the up- 
take, about 10 feet 9 inches above the base line of the boiler, 
below which, on either side, are the mud drums, 2 feet 7 inches 
above the base and spaced 6 feet 6$ inches from the center line 
of the boiler. The down-take tubes, one on each side, are at 
the forward end of the boiler, back of which are the generat- 
ing tubes placed tangent to each other, but arching over to 
meet the steam drum in such a manner as to form a spacious 
combustion chamber and grate area. 

The casings are of light galvanized-iron plate, stiffened in 
an approved manner, that for the sides consisting of two 
plates, the outer being No. 16 gauge lined with }-inch asbestos | 
board, and the inner of No. 12 gauge, between which and the 
asbestos board is a 2-inch air space. The front and back cas- 
ings consist of two plates, the outer and inner respectively 
being No. 7 and No. 16 gauge, a 6-inch air space being pro- 
vided for the front and a 3-inch for the back, the outer plate 
being provided with air doors, in-swinging, so as to close 
easily if any undue pressure occurs from within. The inner 
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side of the inner plates is lined with fire brick 24 inches thick, 
to a point about 2 feet 3 inches above the grate level, where it 
is five inches thick. Wrought-iron grate bars were used on 
the trial but have been replaced by standard cast-iron bars, 
since delivery to the Government. 


Particulars and Dimensions of Botlers (each). 


Number of boilers (two in each boiler compartment)............... 
Designed working pressure, pounds............. 
Hydrostatic test applied, 
Steam-pressure test applied, pounds................. 
Grates, length, feet and 
Per cent. of air space in grates....... 
Grate area, each, square 
Total grate area, square feet.......... 
Number of furnace doors 
Heating surface (one boiler), area in square feet 
Total heating surface, all boilers, in square feet ............-...s00+ 
Ratio of grate to heating surface. 
External height of boilers, feet and inches 
width of boilers, feet and inches 
length of boilers, feet and inches............0..sss0000 
Tubes, outside diameter, inches........  Ihand 
Cold -drawn seamless steel. 
number to each boiler (146 = 18, 1,816 = I4).....seseeeeeee 
longest, feet and inches...... 
shortest, feet and inches 
Smoke pipes, number....... 
height above grates, feet and inches.................- 
area of section, each, square feet 
Ratio of grate area to area of each smoke-pipe section............ 
Drum, upper, diameter, inside, inches...... 
thickness, top sheet, inch 
lower sheet, 
Upper drum heads are bumped to a radius of, inches.............. 
Lower drums, diameter, inside, inches 
thickness, inch 
* Kight feet has been added to the height of smoke pipes since delivery to the Govern- 
ment. 
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MAIN CONDENSERS. 


There are two condensers, located one on each side of the 
engine room. They are cylindrical, with shells of wrought- 
steel, water chests of copper, tube sheets of naval brass, and 
tubes of composition 70 per cent. copper, 1 per cent. tin and 
29 per cent. zinc. 

The tubes are straight, fixed at one end by expanding into 
tube sheets, and at the other end are provided with screw 
glands and packing. 

The circulating water is furnished by independent circulat- 
ing pumps discharging directly into the short water chest or 
nozzle at forward end of condenser, thence passing through 
the tubes and overboard through a similar nozzle. 


Data for One Condenser. 


Length of shell over tube sheets, feet and inches........ pina soceee 
Inside diameter of shell, feet and inches........... 
tube sheets, inch 
Number of tubes 2,067 
Thickness of tubes B.W.G., 18 
Length of tubes, feet and inches............. 12-02); 
Pitch of stay tubes, inches ...... O-124 
Size of stay tubes, steel pipe, inches O. ~ anaes o-o1# 
gauge B.W.G 0-08 
Cooling surface, measured on outside of tubes, square feet.......... 4,051.0 
Ratio of total cooling surface to total 0.422 
Area through tubes, square inches........ 451 
circulating-water inlet and outlet, omnes inches 254.47 
Ratio tube area to circulating inlet and outlet..............ccseceeeees 1.77 


The following connections are on each condenser shell : 


One main turbine exhaust, rectangular, square feet..........scesss+eeeee 13.0 
bleeder, 
feed-heater drain, inches....... 
air-pump suction, inches....... 
boiling-out connection, inch. ..... 
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The following connections are on each water chest : 


One main injection on forward chest, inches 
outboard delivery on after chest, inches.............. 
drain, inches 
air cock, inches 
thermometer, inches 


DATA FOR ONE CIRCULATING PUMP. 


Capacity of pump, gallons per minute.. 10,000 

Diameter of suction nozzle, inches 18 
discharge nozzle, 18 

Width of tip of blade, 

Diameter of engine cylinder, inches............ 

Stroke of engine cylinder, inches 

Diameter of piston rod, inches 


WEIGHTS OF PROPELLING MACHINERY. 


The actual weight of the propelling machinery and auxil- 
iaries is 255.114 tons, as follows: 


Pounds. 


Main 

air and circulating 
Propellers 
Smoke pipes and 
Steam and exhaust piping and valves 
Suction and discharge piping and 
Lagging and clothing 
Flooring, gratings, handrails, etc........... 
Fittings and gear 
Tools and spare parts OM 


LUBRICATION SYSTEM. 


The main turbine and line-shaft bearings are provided with 
a closed system of lubrication, the oil being forced through 
by two pumps provided especially for this service. These 
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pumps draw from tank located amidships at the lowest avail- 
able place in the engine room, and force the oil through one or 
both, as the case may be, if required, of the coolers, from 
which it passes to the bearings at a pressure of about ten 
pounds per square inch, and is collected from the latter by a 
series of pipes that unite at a sight manifold provided with a 
thermometer for each bearing, so that the observer is able to 
note the temperature of oil passing from the bearings and the 
fact that there is a sufficient quantity as well. From this mani- 
fold the oil passes to the drain tank noted above and the op- 
eration is thus made continuous. Reserve tanks are located 
under the main deck in the engine room from which a supply 
of oil may be obtained to replenish that in other drain tank, 
should this be necessary on account of any leakage in the 
system. All piping is of copper or brass with composition 
fittings. For pumps and connections, see table of pumps. 

The oil cooler used is the Schutte and Koerting corrugated- 
tube film cooler, consisting of six nests of concentric spirally- 
corrugated copper tubes, forming, by the differences in their 
diameters, “ film spaces’ through which the oil passes at a high 
velocity; the cooling water passing through the inside of the 
inner tubes and out through the space around the nest of tubes 
and the cooler shell. The tubes nest in “ headers,” that at the 
top being bolted to the shell flange and the bottom one free 
within the shell to permit of expansion. The cooling water 
and oil inlet and outlet are both at one end, this arrangement 
for the oil being accomplished by division walls in the headers 
to direct the flow. The shells are of copper, with composition 
flanges, heads, headers, and tube nuts. This cooler is shown 
on plate 1. The system will be recognized as that described 
in the article on Heat Transmission and Transmitter, by 
Captain A. B. Willits, U. S. N., in the February, 1910, number 
of this JoURNAL. 

The advantages of this type of cooler, over the plain-tube 
type, are increased cooling surface per axial foot, self-clean- 
ing on account of the constant agitation due to the tube cor- 
rugation, facility in replacing a tube or in removing same for 
cleaning. 
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Data for One Cooler. 


Capacity per hour, gallons.. 
From 150 degrees to 85 degrees, with weter at 60 Supene. 
Length over all, feet and inches, ................ssecseersseees 
of shell, feet and inches...... 

Diameter of shell, feet and inches...........000......ceeeeeees 
Number of tubes (nests) inioneinetotin 
Diameter of outer tube, O.D., inches.............. 

inner tube, O.D., inches... 
Gauge of tubes, Stubbs No....... 
Length of outer tube, feet and inches........... 

inner tube, feet and inches.................. 

Area of cooling surface, square feet..... .... 


= 
943 
\ 
— 
. 
2,000 
4-044 
6 
o2} 
15 = 


944 U. S. S. PRESTON. 


Constant agitation of the fluid to be cooled has the effect 
of bringing all of the particles in contact with the cooling sur- 
faces, thus reducing to a minimum the size of the apparatus 
and the quantity of cooling agent used. 


FEED-WATER HEATER. 


There is one horizontal feed-water heater of the direct-flow 
type on the discharge side of the main feed pumps, located at 
the forward port side of the engine room. The water chests 
are of cast steel, shell of copper, tube sheets rolled naval brass, 
tubes 70 per cent. copper, 1 per cent. tin, 29 per cent. zinc. 
Total amount of heating surface measured on the outside of 
the tubes is 400 square feet. 


FEED AND FILTER TANK. 


There is one feed and filter tank located on the center line 
of the ship at the after engine room and as high as possible to 
permit of entrance to the filter chamber. Total capacity is 600 


gallons, of which 235 is for the filter chambers and 365 for 
the feed tank proper. The tank is of steel, galvanized. There 
are the following connections to the first filter chamber: 


Two main air-pump discharge, inches 

Filling pipe, inches 

Distiller fresh water, inch 


There are the following connections to the feed tank : 


Main feed suction, inches 
Vapor, inches 
Drain, inches 
Water gauges and thermometer. 


EVAPORATING AND DISTILLING PLANT. 


There are two Williamson Brothers evaporators, total heat- 
ing surface 136 square feet, located in the port after end of the 
engine room; and two Griscom-Spencer distillers, total cool- 
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ing surface 36 square feet, located on the after engine-room 
bulkhead near the evaporators. 

The evaporators have a combined capacity of 2,600 gallons 
of potable water in twenty-four hours, and the distillers on 
test produced 396 gallons of potable water in four hours, or 
a rate of 2,376 gallons in twenty-four hours. 


TURBO-GENERATING INSTALLATION, 


The rated capacity of the dynamo is 5 kw., 125 volts. The 
turbine, which is of the Curtis type, is shown on page 823, 
Volume XXI, No. 3, of the JourNAL, dated August, 1909. 


TORSION METERS. 


The shaft horsepower was calculated from readings fur- 
nished by Denny and Johnson's torsion meters. The installa- 
tion is not a permanent fixture on the ship. One meter was 
applied to each line of shafting, located as well as possible un- 
der existing engine-room conditions. The torsional readings 
for the center line are taken from an actual length, less thick- 
ness of couplings, of 37 feet 3 inches, and that for the wing 
shafting being from a length of 25 feet 6 inches, less coup- 
lings. The recording boxes were located in the wireless-tele- 
graph room on the main deck, which was well insulated in 
order to deaden all noise and vibration. Due to the delicacy 
of this apparatus two of the runs over the measured mile when 
standardizing had to be run over, on account of a slight disar- 
rangement of the wires. 


PIPING. 


Space forbids a description of the various systems of piping, 
but plate No. 2 shows the general arrangement of the main 
and auxiliary steam pipes, at the same time furnishing a gen- 
eral idea of the arrangement of machinery in the engine and 
boiler rooms. 

The following constitute the various systems of piping: 

Main steam, auxiliary steam, receiver, auxiliary exhaust, 
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bleeder, dynamo steam and exhaust, main-feed suction and 
discharge, auxiliary-feed suction and discharge, bilge suction 
and discharge, sea suction and discharge, fresh-water suction 
from reserved-feed tanks, fire main, distilling plant, vapor and 
escape, heating system, steam to sea valves, air-compressor 
plant, lubrication system. 

All steam pipes 2 inches and above are of seamless-drawn 
steel with rolled-steel flanges, and all below this are of copper 
with composition flanges. Main exhaust pipes are of sheet 
steel. All other exhaust pipes and feed pipes are of copper. 
Heater pipes are of brass. Drainage and pipes to reserve-feed 
tanks are of galvanized wrought iron. 


OFFICIAL TRIALS. 


The Navy Department having authorized the trials to begin 
November 11th, 1909, the vessel left the shipyard at 9:18 
A. M., reaching the Delaware Breakwater without incident at 
2:40 P. M., time of run being 5 hours and 22 minutes, or at 
an average speed of 16 knots. 


November 11th, the weather conditions being favorable, the 
standardization runs were begun at 9:30 A. M. and finished at 
2:30 P. M. These runs were made over the measured mile 
inside the new breakwater, at the entrance to Delaware Bay, 
the maximum speed attained being at a rate of 31.364 knots, 
at 826.6 average revolutions, developing 12,018 S.H.P. for 
the main engines, and 12,504 horsepower for all machinery. 
The average for the five full-power runs was 30.67 knots at 
836.22 average revolutions, developing 12,365 S.H.P., 12,838 
horsepower for all machinery. The total horsepower is the 
sum of the shaft horsepower of main engines and the indicated 
horsepower of auxiliaries. 

November 12th the four-hour full-speed trial in open sea 
was begun at 8:15 A. M., and concluded most successfully at 
12:30 P. M. The weather conditions were perfect, sea being 
smooth, with a light N.W. wind and long easterly swell. At 
the conclusion of this run the usual backing tests were made 
between 2 and 2:30 o'clock P. M. 
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November 13th, the twelve-hour 24-knot run in open sea 
was begun at 7:30 A. M., and concluded most successfully at 
7:30 P. M. The weather conditions were good, sea being 
smooth, light breeze varying from N.W. to N.E. 

November 14th the twelve-hour 16-knot run in open sea 
was begun at 8 :30 A. M., and was concluded most successfully 
at 8:30 P. M., after which, from 9 to 9:30 o'clock, the back- 
ing test on rudder was made. The weather conditions were 
good, sea conditions being light to moderate N.E. swell, with 
light to moderate N.E. breezes. 


RESULTS oF TRIALS. 
STANDARDIZATION RUNS. 


For the purpose of standardizing the screws twenty runs 
were made over the measured-mile course. Previous to be- 
ginning these runs the draught was taken and found to be: 


Forward, feet and inches........5......- 7-114 
Aft, feet and inches 

Mean, feet and inches (even keel) 

Corresponding displacement, tons......... 


These runs give the data from which plate No. 3 “Stand- 
ardization Curve” was plotted, and also that included in the 
table on page 949. 


DATA FOR FOUR-—HOUR RUN. 


Mean draught on trial, feet and inches. 
Corresponding displacement at mean draught, tons 
Trim by stern, inches....... 
Speed of ship, in knots per hour......... 
Slip of propellers, in per cent. of their speed : 

Starboard......... 


Mean 
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Revolutions, or double strokes, per minute (average of one-half- 
hour observations) : 

Starboard shaft, average revolntions per minute.................0000++- 

Center shaft, average revolutions per minute.................c0eeeeeeee 

Port shaft, average revolutions per minutes.......... 

Mean of all shafts, average revolutions per minute...... ..... 

Starboard. 

Pumps, main circulat’g, average revolutions per minute.. 341.0 

air, average double strokes per minute 42.0 
feed, average double strokes per minute.... 24.0 
fireroom fire and bilge, average double strokes 
per minute 
oil-cooler circulating, average double strokes per 

Forced-draft blowers, average revolutions per minute..... 679.0 
Forced-draft blowers, average air pressure, inches 2.84 
Dynamo engine, average é 25.0 

121.0 
Shaft horsepower : 

Center shaft 3,854.0 

Collective of main 10,918.0 
Indicated horsepower : 

Collective I.H.P. of all auxiliaries 438.0 
Collective horsepower of main and auxiliary engines........ > 1,356.0 
Steam pressures (average of one-half-hour observations) : 

Maximum at boilers, 260.0 

Mean at boilers, eves 236.0 

engine-room gauge, pound: 235.0 
auxiliary exhaust, pounds 7.2 
in steam belt M.H.P. turbine, pounds absolute 190.0 
H.P.C. turbine, pounds absolute....... 7.4 
I.P.C. turbine, pounds absolute....... 15.4 

starboard L.P. turbine, pounds abso- 
41.7 
port LP. turbine, pounds absolute... 40.0 

on glands, pounds absolute............. 

Pressure in oil system, pounds 


Temperatures (average of one-half-hour observations) : 
Injection, degrees 
Discharge, degrees 
Air-pump discharge, degrees 
Engine-room working platform, degrees............ 


172 
868 
5 27 
855 
ort. 
3.0 
7.0 = 
1.0 
6.0 
Starboard. Port. 
Vacuum in condensers, inches of mercury, maximum..... 28.0 27.5 eae 
56.0 56.0 
85.0 93-0 
112.0 
178.0 
94.0 
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Water consumption : 
Total amount used per hour, pounds...... 160,508.0 
H.P. per hour, pounds...........cccc0 14.133 
Note.—H.P.=S.H.P. of main engines plus I.H.P. of 
auxiliaries. 
Coal : 
Kind and quality used on trial........Pocahontas, hand-picked, fair quality. 
Pounds used per hour, main and suniliary engines. sovccesee 22,691.0 
Knots run per ton of coal 
Deduced data : 
S.H.P. per square foot of grate surface 
heating surface 
Pounds of coal per S.H.P. per hour 
square foot of grate surface 
Cooling surface (of main condensers) per S.H.P., sq. ft... 


DATA FOR TWELVE-HOUR RUN AT 24 KNOTS. 


Mean draught on trial, feet and inches............00......seseeeeee 8-02 
Corresponding displacement at mean tone. 715.0 
Trim by stern, inches 0-02} 
Speed of ship, in knots per hour 24.144 
Slip of propellers, in per cent. of their speed : 

12.60 

Revolutions, or double strokes, per minute (average of one- 
half-hour observations) : 

Starboard shaft, average r.p.m 665.37 

Center shaft, average r.p.m ........... 582.79 

Port shaft, average r.p.m 589.19 

All shafts, average r.p.m,.. 612.45 


Starboard. Port. 
Pumps, main circulating, average r.p.m . 264.0 


air, average double strokes per minute 4 34.6 
feed, average double strokes per minute.... 
engine-room fire and bilge, average double 
strokes per minute 
fireroom fire and bilge, average double strokes 
per minute 
oil-cooler circulating, average double strokes per 
oil-circulating, average double strokes per min- 


Forced-draft blowers (two only), average r.p.m 
average air pressure, inch 
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Dynamo engine, average 27.9 


Shaft horsepowers : 


Indicated horsepower : 
Collective I.H.P. of all auxiliaries..........00..scccscesssesesccess 246.0 
horsepower of main and auxiliary engines...... 5,795.0 
Steam pressures (average of one-half-hour observation) : 
engine-room gauge, POUNS, 249.0 
auxiliary exhaust, 5-2 
in steam belt, I.P.C. turbine, pounds absolute....... 245.0 
M.H.P. turbine, pounds absolute..... 95.1 
H.P.C. turbine, pounds absolute...... a5 


starboard L.P. turbine, pounds abso- 


port L.P. turbine, pounds absolute... 


on glands, pounds 
Pressure in oil system, 11.9 
Starboard. Port. 
Vacuum in condensers, inches of mercury, maximum..... 28.7 28.5 
MEAN 28.4 28.3 
Temperatures (average of one-half-hour observations) : 
Injection, degrees.......... 56.0 56.0 
Air-pump discharge, degrees........... 
Feed water, 192.0 
Engine-room working platform, 97.0 
Water consumption : 
Total amount used per hour, 87,606.0 
per H.P., 15.118 
Note.—H.P. =S.H.P. of main engines plus I.H.P. of 
auxiliaries, 
Coal : 
Kind and quality tsed on trial........ Pocahontas, hand-picked, fair quality. 
Pounds used per hour, main and auxiliary engines.......... 11,497.0 
Knots run per ton of 4.7 
Deduced data : 
S.H.P. per square foot of grate surface....... pceatinsischahphabee 15.854 
heating 2.89 
Pounds of coal per S.H.P. per 2.072 
square foot of grate surface............-.. 32.849 
Cooling surface (main condensers), square feet per S.H.P. 1.46 
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DATA FOR TWELVE-HOUR RUN AT 16 KNOTS. 


Mean draught on trial, feet and 8-o1 
Corresponding displacement at mean draught, tons............ 704.0 
Slip of propellers, in per cent. of their speed : 
5-358 
Revolutions, or double strokes, per minute (average of one- 
half-hour observations) : 
Starboard shaft, average r.p.m...........seeeee...- 406.85 
Center shaft, average r.p.m............... 363.60 
All shafts, average 394.15 
Starboard. Port. 
Pumps, main circulating, average 1. 272.6 246.3 
air, average double strokes per minute....... 33.8 31.0 
feed, average double strokes per minute..... 13.3 
engine-room fire and bilge, average double strokes 
per minute.. 19.5 
fireroom fire bilge, avenge ‘double strokes 
oil-cooler circulating, average double strokes per 
oil circulating, average double strokes per minute. 40.0 
Forced-draft blowers (one only), average r.p.m.............. 363.0 
average air pressure, inch............+ 0.4 
Dynamo engines, average aMperes.........,..ssceseccessesrseereeees 34.5 
Shaft horsepowers : 
Collective of main engines........ 1356.0 
Indicated horsepower : 
Collective I.H.P. of all 146.0 
horsepower of main and auxiliary machinery.. 1502.0 
Steam pressures (average of one-half-hour observations) : 
engine-room gauge, pounds............ 219.0 
auxiliary exhaust, 5.38 
in steam belt, H.P.C. turbine, pounds absolute...... 173.0 
I.P.C. turbine, pounds absolute........ 77.0 
M.H.P. turbine, pounds absolute..... 28.6 
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Steam pressures (continued): 
Mean in steam belt, starboard L.P. turbine, pounds abso- 


port L.P. turbine, pounds absolute... 6.65 
on glands, pounds absolute............. jindaeeicieiataccnten 1.59 
Pressure in oil system, pounds....... Shape 9.5 
Starboard. Port. 
Vacuum in condensers, inches of mercury, maximum..... 29.0 29.0 
mean........ 28.6 
Temperatures (average of one-half-hour observations) : 
Air-pump discharge, degrees...... 73.1 
Engine-room working platform, 88.7 
Water consumption : 
Total amount used per hour, pounds,......e0...ss.esseeseeeeees 32,219.0 
Note. —H.P.= S.HP. of main engines of 
auxiliaries. 
Coal : 
Kind and quality used on trial........ Pocahontas, hand-picked, fair quality. 
Pounds used per hour, main and auxiliary engines......... 3,879.0 
Deduced data : 
S.H.P. per square foot of grate surface.............. pasnerense 7.749 
heating surface.................. O.141 
Pounds of coal per S.H.P. per 2.861 
square foot of grate surface............ ove 22.166 


Cooling surface (main condenser) per S.H.P., sq. feet... 5-975 


J 
¥ 
é 
: 
q | 
‘ 
4 
— 
q 
j 


954 INFLUENCE OF DEPTH OF WATER. 


INFLUENCE OF DEPTH OF WATER ON SPEED, 
REVOLUTIONS AND HORSEPOWER. 


SPECIAL TRIALS OF MICHIGAN,” FLUSSER’” AND “REID.” 


By LIEUTENANT COMMANDER U. T. Houmgs, U. S. N., 
MEMBER. 


In order to determine the relative value of the three trial 
courses at Rockland, Me., Provincetown, Mass., and Delaware 
Breakwater, and to obtain data as to the influence of depth of 
water on a vessel’s performance, tests were made, under the 
direction of the Navy Department, during the latter part of 
May of this year. 

The following table gives the particulars of these courses 
as regards depth of water: 


Depth on 
| Depth on course, approaches one, 
Length of fathoms. mile from course, 
measured fathoms. 
| course, | 
miles. 
| Least. Greatest. Least. | Greatest. 
| §30 | 79 40 
Provincetown.............. 1.00013 | 25.0 27 22 28 
Delaware Breakwater... 1.2415 | 22.5 25 16 25 


The Rockland course is practically free from cross currents. 
A tidal cross current is sometimes found on the Provincetown 
course, for which corrections are made. The influence of the 
tidal current in and out of Delaware Bay is felt at the 
Delaware Breakwater course, making eddies that render it 
difficult to apply tidal observations and obtain absolutely cor- 
rect results on this course. 

The battleship Michigan and destroyers Flusser and Reid 
were used for the trials. All vessels were docked and their 
bottoms and propellers cleaned early in May. The condi- 
tions as to draught and displacement were kept as nearly as 
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possible uniform on all the trials. The Flusser and Retd are 
built from the same plans and are similar in all respects, so 
that each should furnish a check on the other. 

Full particulars concerning the machinery installations of 
these vessels have been published in the JouRNAL, as follows : 
Michigan, Vol. XXI, No. 3, August, 1909; Flusser and 
Reid, Vol. XXII, No. 1, February, r910. The general par- 
ticulars, which are of interest in connection with these trials, 
are as follows: 


Michigan. | Flusser. | Reid. 
Length over all, ft. and ins..... 450-00 293-104 293-10} 
Beam, feet and inches........... 80-028 | 26-05 26-05 
Draught, forward, ft. and ins.. 23-09% | 7-06} 7-04 
aft, ft. and ins......... 25-014 - 8-064 | 8-08 
mean, ft. and ins...... 24-05% | 8-oof | 8-00 
Displacement, tons................ 15,998.5 692.5 691 
Propellers : | 
3-bDlade mang, | 3-blade mang. | 3-blade mang. 
| bronze, built | bronze, solid, | bronze, solid, 
up, machined. machined. | machined. 
Diameter, feet and inches... 17-064 5-03 5-03 
Pitch, feet and inches........., 18-00 4-10 4-I0 
Developed area, sq. ft......... 88.5 14.778 14.778 
Projected area, sq. ft........... 75.28 12.98 12.98 
REMARKS. 


For the AM/chigan the revolutions were practically the same 
on all the courses, for all speeds. The influence of shallow 
water on the horsepower is felt at 18 knots, and at 19 knots 
there is a wide difference in favor of the deep-water course. 

For the destroyers the revolutions are approximately the 
same on all the courses for speeds up to about 27 knots, when 
the deep-water course begins to show a marked advantage. 
At speeds between 31 and 32 knots the Rockland course gives 
half a knot more for the same revolutions. A marked de- 
crease in power for the same speed in deep water begins to 
make itself manifest, in the case of the destroyers, at about 25 
knots’ speed. At the highest speed the Rockland course is 
about one knot faster than the Delaware Breakwater course. 

Minor corrections in the data may be made when full re- 
ports of the trials are received. The general conclusions as 
given will not be changed. 
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CURTIS TURBINES ON U. S. S. SALEM. 


NOTES ON THE OPERATION AND MANAGEMENT 
OF THE CURTIS TURBINES ON THE 
U.S. S. SALEM. 


By LiEuTENANT W. W. Smita, U. S. N., MEMBER. 


NotEe.—Lieutenant Smith’s experience as Senior Engineer 
Officer of the Salem enables him to write advisedly on the 
care and operation of machines of this type.—Eprror. 

These notes have been prepared with the object of placing 
before the readers of the JourNAL a brief guide for the 
operation and management of Curtis marine turbines, so that 
those who follow will profit by the experience gained and 
lessons learned, with this type of machinery in service. 

When the Salem was commissioned the officers and men had 
had practically no experience with such machinery, and the 
lack of practical information was keenly felt. In the future 
it is possible that others may be placed in the same position, 
and will feel the need of such information as is contained 
in these notes. 

It is hoped that these notes, though incomplete, may form 
the groundwork for discussion, and that they may be added 
to by those who gain further experience. 

Reference is made only to the main turbines and the turbine 
auxiliaries of new type. The notes apply particularly to the 
turbine machinery of the Salem, which differs from subsequent 
installations of the Curtis type as noted below. Reference is 
invited to a description of this machinery by Mr. Chas. B. 
Edwards (J. A. S. N. E., Vol. XX, No. 4, November, 1908). 
The following particulars should be noted: 

Both turbines are right-hand, the starboard facing forward 
and the port facing aft. The foundations for thrust bearings 
are built up on the structural part of the ship and are not 
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connected to the turbine casings except by braces. In the 
starboard turbine the unbalanced steam pressure on the turbine 
blading is opposed to the thrust of the ship both ahead and in 
backing, and consequently there is little load on this thrust 
bearing. In the port turbine the thrust of the turbine and ship 
act in the same direction, and consequently the port thrust 
carries a double load. The operating valves are balanced by 
steam pistons, and are operated by levers. Oil cylinders are 
fitted to regulate the control. When the rotor is lifted, it is 
also necessary to lift the diaphragms. Clearance gauges for 
turbine rotors are fitted at each end. 

The condensing plant is of the dry-air type, as furnished by 
the International Pump Co. The condenser is fitted with 
baffles in the lower part to separate air and water. There are 
two air pumps for each condenser—one for air and one for 
water. The dry air, or “dry-vacuum,” pump is of the rotary 
type. The wet air, or “hot-well,” pump is a two-stage cen- 
trifugal pump driven by a two-stage Curtis turbine. Both 
pumps are designed to run at constant speed and are regulated 
by governors. 

The turbine bearings are fitted with forced lubrication of 
the closed type, not cross connected. The cooling tank is on 
the return side. 

The propellers are of the four-bladed solid type, machined 
true. 

Subsequent Curtis turbine installations differ from that on 
the Salem principally as follows: 

The turbines are right and left-hand, both facing forward. 
The propeller thrust is balanced by the turbine thrust, and, in 
consequence, the loads on thrust bearings are small. The 
thrust bearings are reduced in size and are rigidly connected 
to turbine casings. The main bearings are connected to tur- 
bine casings and are not self-aligning. These differences re- 
move most of the difficulties herein noted on account of lack 
of clearance or improper adjustment of clearance. Later 
installations are in this respect superior to the starboard 
turbine on the Salem. Other improvements are as follows: 
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The exhaust pipe is of rectangular section, built up of steel 
plates. The condensers are located abaft the turbines. The 
casing construction is all of cast iron and in fewer sections. 
The operating valves are of the screw-operated type. The 
diaphragms are made of steel plates. The blading is of im- 
proved construction. The air pumps are of different type. 
This, however, is a difference, and not necessarily an improve- 
ment, since the condensing apparatus on the Salem has been 
very satisfactory. 

In referring to clearance, the terms may be defined as 
follows: 

Radial Clearance: The space between rotor and stator in a 
radial direction. In most cases it may be defined as the ver- 
tical space between shaft and diaphragm bushings or between 
the tips of buckets and casing. 

Longitudinal Clearance: The space between rotor and stator 
in an axial, or fore-and-aft direction. . 

Ahead Clearance: The space between rotor and stator in the 
ahead direction, or the distance the rotor would have to move 
in the ahead direction before striking. 

Astern Clearance:, The reverse of above; the clearance space 
abaft the rotor. 

Total Clearance: 'The sum of the ahead and astern clear- 
ances, or the total distance the rotor can be moved between 
the ahead and the astern striking points. 

Float: The amount of play in the thrust bearing. 

Change of Clearance: The amount of play in the rotor, or 
the amount that the clearance changes. 

In this type of turbine, it should be remembered that it is 
necessary to be informed of the clearances on both ends of 
the rotor. 


OPERATION, 


The question of operation is taken up under the following 
headings : 

Warming Up; Starting; Maneuvering; Underway; Stand- 
ing by; Full Power; Shutting Down. 
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WARMING UP—NORMAL CONDITIONS. 


Time Required.—About three hours should be allowed for 
warming up under ordinary circumstances. A shorter time 
may be allowed if the turbines have been running and are 
already partially warmed. Under such circumstances the time 
allowed will depend on the speed to be obtained and the heat 
already in the turbines. 

As a general rule, the turbine should be worked up to speed 
gradually, especially for high speeds, so that all parts will 
expand uniformly. 

Starting Cold—Emergency Conditions—On the Salem it 
was not found to be good practice to start the turbines cold, 
and it should never be done except in extraordinary emergency. 
On account of the narrow margin of clearance, the port tur- 
bine is likely to rub in backing if it is not properly warmed. 
The starboard turbine can, if necessary, be started cold without 
difficulty, because there is ample margin in the clearance. In 
case of emergency, when it will not be necessary to back, and 
when the port turbine can be stopped or slowed down, both 
turbines can be started as soon as steam is raised, and worked 
up to speed as fast as is practicable without rubbing. The port 
turbine will require a longer time to work up to speed than 
the starboard turbine. 

If the turbines are started before they are properly warmed 
up leaks are likely to start in the joints, which will require 
considerable work to repair. 

Precautions.—All parts of the turbine should be warmed 
uniformly. Steam should be admitted for this purpose at 
each end, and the by-passes of the ahead and astern valves 
cracked open to warm the piping and steam chests. 

The rotor should be frequently turned with the turning en- 
gine while the turbines are being warmed, so that it will heat 
up uniformly. A good plan is to move it a quarter of a turn 
every ten or fifteen minutes. 

It should be remembered that the turbine can be only par- 
tially warmed in this way, and that the normal running heat 
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is not attained until the turbine is actually running with the 
stage pressures corresponding to the speed. Consequently, it 
is necessary to work up gradually to the running heat after 
getting underway. 

The clearances should be taken before and after warming 
up, and noted in the log. The minimum clearance under these 
conditions should be about 0.05 inch. 

Routine.—The following routine should be followed: Start 
main circulating and hot-well pumps, observing the usual pre- 
cautions in warming up and starting. 

Take ‘clearances and note in log. See that everything is 
clear for turning the turbine. 

Open warming steam to both ends of the turbines. Open 
drains to the turbine stages and start siphon to clear the turbine 
of water. 

Turn on steam seals of turbine glands, crack drain valves, 
and adjust pressure to 3 or 4 pounds above atmosphere. 

Run oil pump for several strokes to flood the bearings. 

Every ten or fifteen minutes turn the rotor about a quarter 
of a turn so that it will be warmed uniformly. 

Fill the oil-control cylinders of the operating valves, and 
see that the connecting valve is properly adjusted. 

Drain water from oil tank and see that it is filled to the 
top of the glass. 

See that thrust bearings contain sufficient lubricant—a mix- 
ture of engine oil and water. (This applies only to thrust 
bearings of the open type as fitted on the Salem.) 

Examine oil service and see that the proper valves are open. 
Examine oil strainer and see that it is clear. 

Test water service and see that the water is flowing properly. 

When steam is on the main line, crack the by-passes of the 
ahead and astern operating valves so as to warm up piping 
and steam chests. 

Open required number of nozzles on ahead steam chest. 
See that all gauges are connected and working properly. See 
that the separator trap is working properly. 

About half an hour before geting underway disconnect 
turning gear, and see that everything is clear. 
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Start dry-vacuum pump, making sure that water is circulat- 
ing through the jacket of the air cylinder and that the cylinder 
and valves are properly lubricated. 

Start oil pump and regulate oil pressure to about 30 pounds. 

In trying the turbine, open steam to the ahead end just 
enough to move it several revolutions, then shut off ahead and 
do the same with the reverse end. 

Shut down oil pump to prevent loss of oil. If this is now 
done the oil will escape past the centrifugal throws to bilge. 

Report ready, and stand by to answer signals at the time 
set for getting underway. 

Take clearance for the second time and note in log. 

Circulating Pump—Should be started before warming 
steam is turned on turbines. The usual precautions are ob- 
served in warming up and starting. 

Hot-\WVell Pump.—A section through this pump is shown 
in Fig. 1. It should be started after the circulating pump 
is running. Open suction and discharge valves and valve 
to water seal of pump. Fill oil cup, flood bearings, and 
oil governor. 

See that the proper number of steam nozzles are open. 
Open exhaust to condenser and drains from’ glands. Open 
steam valve and bring up speed slowly. Adjust steam seals 
‘of glands to prevent leakage of air. 

The exhaust should always be opened to main condenser, 
so that the turbine will benefit by a high vacuum and run 
under the most economical conditions. If the exhaust is 
opened to the auxiliary exhaust line the turbine will not run 
economically. 

Two nozzles are used for speeds up to 15 knots, and three 
nozzles for greater speeds. 

Care should be taken that the water seal of the pump is 
working properly, otherwise the vacuum will be impaired. 

In adjusting the steam seals the drain valves should be 
cracked sufficiently to drain off the water. They should not 
be opened too wide, otherwise steam will be wasted. It is 
not necessary to start the hot-well pump until just before 
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getting underway, but it is better to start it when beginning to 
warm up, as the condenser is drained better in this way. If 
too much water collects in the condenser the valves of the dry- 
vacuum pump may be damaged by water. 

The clearance of the turbine should be noted. This is not 
very important, as the clearance has not changed nor been 
adjusted in two years. 
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Fig. HOT-WELL Pump. 


The revolutions per minute should be taken, and should be 
about 1,250. If necessary, the governor should be adjusted 
to give the required speed. 

Dry-Vacuum Pump.—Open exhaust and all drains—steam 
cylinder, air cylinder, air valve chest, and oil separator. Start 
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lubrication and oil governor. See that the air-cylinder lubri- 
cator is filled with special cylinder oil—valvoline or arctic oil. 
See that water is circulating through jacket. Adjust valves 
to an early release. 

Stand by steam valve and suction valve to condenser. Turn 
by hand with jacking bar, and open steam and condenser 
suction. 

When a vacuum of over 20 inches is produced, adjust the 
valve to about mid position or medium release. 

Care should be taken to see the condenser well drained 
before starting, otherwise water will be drawn into the suc- 
tion and the air cylinder and valves may be damaged. 

If the water is not circulating through the jacket the 
cylinder and valves will become overheated. Only special 
cylinder oil should be used for lubricating the air cylinder and 
valves. If ordinary oil is used it will carbonize, burn, and 
produce a large quantity of smoke. If its use is continued it 
will injure the valves by causing them to heat and cut. 

The best results have been obtained with a speed of about 
55 revolutions per minute, and the governor should be ad- 
justed accordingly. Care should be taken to keep the governor 
running properly, because this pump will not run satisfactorily 
without the governor. 

Considerable trouble was at first experienced with the chain 
on governor, which would jump off the sprocket wheel. A 
spring was attached to the idler to give greater tension, which 
effectually remedied the difficulty. Before this was done, the 
pump would stop frequently while running, causing a great 
deal of trouble. No danger is involved through its stopping, 
since the condenser will carry the vacuum for a considerable 
interval, and the hot-well pump alone will maintain a vacuum 
of about 10 inches. 

Oil Service—When starting to warm up, the oil pump 
should be run for a few strokes to flood the bearings, but it 
should not be kept running, since the oil will leak by the cen- 
trifugal throws to bilge. It should be started again when 
turning the turbines and shut down until ready for getting 
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underway. When the turbines are running the centrifugal 
throws prevent the loss of oil. 

The oil service should be gone over carefully to see that the 
proper valves are open. The valves of vital importance are 
the ones to the lower brasses. If these are not open the bear- 
ings are sure to run hot. 

The oil strainer should be removed, examined, and cleaned 
if necessary. It should always be used and should never be 
by-passed except when it is being examined. 

Water collects in the bottom of the oil tank, and this should 
be drained off, but care should be taken not to drain off any 
of the oil, and to have the drain valve tightly closed. 

The oil tank should be filled to the top of glass before 
starting. The level will fall to about three-fourths when the 
system is filled in running, but it should not be carried higher 
than this, because it will overflow and be wasted in case of 
stopping, when the oil in the system drains back into the 
tank. 

In filling the tank, care should be taken to fill with turbine 
oil and not engine oil. Ordinary engine oil is not suitable for 
forced lubrication on account of its tendency to emulsify. 

See that water is circulating through the cooling coils of 
the oil tank. 

See that the thrust bearings contain sufficient lubricant—a 
mixture of half engine oil and half water. In later vessels 
the thrust bearings are fitted for forced lubrication and re- 
ceive attention similar to that given other bearings. 

Water Service—When the circulating pump is started, open 
discharge and suction valves to the water service. See that 
all necessary valves are open and that water is circulating 
properly. Use test cocks, and see that none of the pipes or 
jackets are air bound. The following should be examined 
and tested: Main bearings, thrust bearings, cooling coil of oil 
tank and jacket of air cylinder of dry-vacuum pump. 

Operating Valves.—See that oil-control cylinders are filled 
and that the connecting valve is properly adjusted. See that 
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the operating levers and gear are properly adjusted, so that the 
valves seat properly. 

With the type of operating valves fitted on the Salem, the 
steam pressures acting on the valve do not balance properly 
when opening, and, if the oil-control cylinders are not prop- 
erly filled and adjusted, the valve opens violently, thus throw- 
ing the operating lever through the extreme throw. Later 
vessels fitted with Curtis turbines have operating valves of the 
screw-down type. 

Drains—When starting to warm up, open all drain valves 
between stages and the discharge valve to the condenser. Then 
open the steam to the siphon to expel the water. Keep the 
drains open and steam on the siphon until the turbine has 
settled down to running conditions. 

In closing the drains, close all valves mentioned above, and 
see that the gland drains are open to the fourth stage. 

It has not been found necessary to use the drains while 
underway, as the water is entrained and carried to the con- 
denser. 

Glands.—Steam should be turned on and the glands sealed 
when starting to warm up. This is not necessary, but it is 
desirable to prevent cold air from entering the turbine. 

The gland pressure should be just sufficient to seal—slightly 
above atmosphere, about 3 or 4 pounds. The drain valves 
should be cracked sufficiently to take care of the condensation, 
but should not be opened wide. 


STARTING. 


Just before getting underway, or when a signal is received, 
start the oil pump and maintain a pressure of about 30 pounds 
in oil service. 

Increase the speed of the circulating pump and note the 
discharge-water temperature, particularly in backing. 

See that the steam seals are properly adjusted and that a 
vacuum of 28 inches or more is being maintained. 

Examine sight boxes and see that oil is flowing through 
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properly. Go over oil and water service and all bearings to 
see that they are running properly. 

See that warming steam is shut off tightly, and that the 
astern operating valve, balance steam, and by-pass are tightly 
closed. 

After the turbine has settled down to running conditions 
close drains and shut steam off of the siphon. 

Clearance.—Note the clearance frequently, and, if it is too 
small, it is probable that the turbine has been worked up to 
speed too quickly, and it should be slowed down and worked 
up more slowly to permit uniform expansion. 

Auxiliary Exhaust——After settling down to running condi- 
tions the auxiliary exhaust should be opened into the third or 
fourth stage, depending on the stage pressures. It is nearly 
always opened into the third stage, for it is only at very high 
powers that the pressure on this stage exceeds the auxiliary 
exhaust pressure. 


MANEUVERING. 


In maneuvering at any time the following should be ob- 
served : 

Operating Valves.—Before moving the main operating 
valve open the balance steam and the by-pass. In opening the 
main valve open it gradually and do not throw it open sud- 
denly. If this is not done the unbalanced pressure may cause 
the valve to “take charge”’ and result in an accident. 

Clearance.—The greatest change of clearance is when the 
turbine is reversed, and consequently the clearance should be 
noted when this is done. 

In the case of the starboard turbine on the Salem, where the 
thrust of the propeller and the steam pressure act in opposite 
directions, there is only a small load on the thrust bearing. 
The clearance of this turbine gives very little trouble for this 
reason. In the extreme condition of reversing at full speed 
the change of clearance is less than 0.05 inch. This is the 
condition that will obtain in both turbines in later installations. 


In the case of the port turbine, where the thrust of the 
63 
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propeller and the thrust of the turbine act in the same direc- 
tion, it is deflected forward in going ahead and aft in backing. 
As the thrust bearing fixes the fore-and-aft position of the 
rotor in relation to the stator, this deflection causes the rotor 
to change its fore-and-aft position, resulting in an excessive 
“change of clearance” in reversing. 

It should be remembered that there are three causes for the 
change in clearance, and that they vary in importance accord- 
ing to the speed: (1) The “float” of the thrust bearing, or 
the clearance which is allowed for lubrication; (2) the differ- 
ence of expansion between the rotor and the stator; (3) the 
deflection of the thrust bearing in relation to the stator. 

In the port turbine on the Salem the maximum values for 
these are (1) 0.018, (2) 0.06, (3) 0.023. It is not safe to 
allow less than 0.02 inch clearance in running. To assure 
safety about 0.05 inch is allowed. As the change of clearance 
is greater than the total clearance, it is not possible to back 
with the turbine cold and run full speed ahead with the tur- 
bine at its running heat on the same adjustment. Conse- 
quently it is necessary to adjust the clearance between these 
conditions to prevent rubbing. 

As most running on the Sa/em is done at speeds below 20 
knots, the clearance should be adjusted for the lower speeds. 
See clearance curves, Figs. 2, 3 and 4. 

Revolutions.—The revolutions can be roughly determined 
by the number of nozzles open and the steam-chest pressure, 
but this is not very satisfactory. Speed indicators should be 
used for this purpose. 

Backing.—It should be remembered that the backing tur- 
bines use about three times as much steam for the same power 
as the ahead turbines, and consequently the speed of the 
forced-draft blowers should be increased if backing is con- 
tinued. The drop in steam pressure is considerable when 
there are only a few boilers steaming, and for this reason it is 
advisable to have a good head of steam for maneuvering. It: 
is not safe to allow the pressure to fall much below 150 pounds, 
on account of the difficulty in keeping the auxiliaries up to 
speed. 
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The best results have been obtained by carrying the pressure 
at about 250 pounds before backing and not allowing it to 
fall below 150 pounds while backing. 

When all boilers are connected, the full backing power can 
be obtained easily with but small loss of pressure. (See 
“Backing Tests of Scout Cruisers,” p. 831.) 


to 
Fig. 2. 

With a small number of boilers in use the pressure fre- 
quently drops 100 pounds in about a minute when backing, 
but this has never caused any noticeable priming or other 
trouble. 

Auxiliary Exhaust—When maneuvering is expected, the 
auxiliary exhaust should be opened into the condenser and 
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shut off from the turbine. However, no harm will result if 
this is not done, as under such conditions the turbine can be © 
reversed without inconvenient results. 

Nozsles—When maneuvering is expected, additional noz- 
zles (on the ahead end) should be opened, so that reserve 
power can be developed without delay. 

On the backing end fourteen nozzles are always open; 


4 4 () 25 
ig. 3. 


sufficient for ordinary conditions. When all boilers are con- 
nected steam can be supplied for the full backing power, and 
all nozzles on the backing end should be opened. 

Steam Seals——The steam seals must be watched and ad- 
justed to suit the conditions, particularly when steaming at 
high power. If the glands are not properly sealed, air will be 
drawn in and the vacuum will drop. 
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Operating.—In changing speed or reversing, an excess of 
steam should be admitted until the desired speed has been at- 
tained, then the operating valve can be closed down as required. 

In reversing there is considerable inertia to be overcome, 
and, in order to make the turbine respond quickly, the operat- 
ing valve should be quickly opened as wide as necessary. 
When the turbine is reversing at the required speed this valve 
should be closed down the required amount. 


Fig. 4. 

When a “stop” signal is received, the turbine is brought 
to rest by admitting steam for the opposite direction. 

In operating the turbine, the number of nozzles that are 
open on each end and the steam-chest pressures should be kept 
in mind. The main steam, vacuum, gland and oil pressure 
should also be observed. 
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The temperature of discharge water and the speed of cir- 
culating pump must be watched, particularly when a full-speed 
signal is received. 

If the steam pressure varies considerably, which frequently 
happens when steaming with reduced boiler power, the aux- 
iliaries must be watched, particularly the oil pumps, which 
are liable to stop with a sudden reduction in steam pressure. 

There is no difficulty in opening steam into both ends of the 
turbine at the same time if necessary. On one occasion the 
ahead operating valve could not be closed when a backing 
signal was received. The backing valve was opened wide, 
and the excess of backing power under these conditions re- 
versed the turbine. As the ship was going alongside of dock, 
a number of signals were given while the turbine was in this 
condition, all of which were obeyed. 

When handled properly the turbine works quickly and easily. 
If the clearances are properly adjusted there is no danger in 
going from full-speed ahead to full-speed astern—no serious 
damage can result from the handling, as it is practically “fool 
proof” in this respect. 


UNDERWAY. 


Steam Pressure-—At ordinary speeds the steam should be 
carried at about 250 pounds, and at high speeds at 275 pounds 
per gauge. 

Nozzles—Open enough nozzles to give approximately the 
revolutions required. The nozzles in use should be wide open 
and those not in use should be closed tightly. 

Steam-Chest Pressure ——Enough nozzles being opened to 
give the revolutions approximately, the steam-chest pressure is 
regulated to give the exact number required. It should be 
carried about 25 pounds lower than the steam pressure, and 
be kept constant. Under ordinary conditions a change of 
about 2 pounds will change the speed 1 revolution. 

Regulation.—At low speeds the revolutions can be regu- 
lated to within 1 revolution and at high speeds to within 3 or 
4, or a little closer than 1 per cent. 
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Steam Seals——Keep the pressure constantly adjusted to 
about 3 pounds. When the gland is under a vacuum, crack 
the drain valve and open the steam as necessary; do not open 
the drain valve wide and waste steam. When the gland is 
under a pressure, close the steam valve and open the drain 
valve as necessary. 

See that the discharge to the siphon is closed and that to 
the fourth stage open. 

When the speed is changed it is usually necessary to adjust 
the ahead seal. 

Drains.—See that all the stage-drain valves, steam to siphon, 
and discharge to condenser are closed. 

Warming Steam.—See that the valves at both ends are 
closed tightly. 

Operating Valves.—See that the astern operating valve, 
balancing steam and by-pass are closed tightly. Feel astern 
steam chest occasionally to detect leakage. 

Circulating Pump.—Regulate the speed by the temperature 
of the discharge water, which should be about 90 degrees F. 

With hot injection water and high speeds it is necessary 
to carry a higher temperature, but with cold water and low 
speeds it is desirable to carry it lower. 

Dry Vacuum Pump.—Adjust governor to give about 55 
revolutions per minute. Set air valve in mid position, or 
where it will give the best results. If the compression is too 
high the release should be earlier, and vice versa. 

See that the air cylinder and valves are lubricated properly. 
Use only special cylinder oil for this purpose. 

See that the water service is running properly and that the 
cylinder and valves are running cool. 

See that both steam valves are wide open, otherwise the 
governor will not act properly. 

Hot-Well Pump.—Adjust governor to give about 1,250 rev- 
olutions per minute. See that the proper number of nozzles 
are open—two for low speeds and three for high speeds. Oil 
the governor frequently and see that it is running properly. 
See that the steam and water seals are properly adjusted. 
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Always run exhaust into main condenser and see that the 
valve to the auxiliary exhaust line is closed. The reason for 
this is that this turbine runs much more economically under a 
high vacuum. 

See that both steam valves are wide open, otherwise the 
governor will not act properly. 

Note the clearance each watch. 

Oil Service—Examine sight boxes frequently and see that 
oil is flowing properly. Note temperature of return oil fre- 
quently, and see that it is not too high. Under normal condi- 
tions it should not exceed 130 degrees, and it should never 
exceed 160 degrees. 

The temperature of the return oil from the bearing at steam 
end will be higher than that from the exhaust end, on account 
of the difference in temperature of the turbine casing. 

Carry oil tank about three-fourths full. It should not be 
carried full because it will overflow in case of stopping. See 
that the cooling water is circulating properly. Drain water 
from bottom of oil tank every watch, being careful not to 
drain off oil; also be careful to close valve tightly to prevent 
loss of oil. 

Water Service—Test frequently and see that it is running 
properly through bearings, cooling tank, dry-vacuum pump, 
etc., and see that it does not become air bound in high places. 

Main Bearings.—Give particular attention to the bearing at 
the hot end of the turbine. 

Thrust Bearings—See that they contain sufficient lubricant 
and that the water service is running properly through all 
collars. See that nuts of side rods are set up tightly. This 
does not apply to thrusts of later type. 

Auxiliary Exhaust—Adjust spring-loaded valve to the de- 
sired back pressure. Ordinarily it should be opened into the 
third stage, but when the pressure in this stage exceeds the 
exhaust pressure (in high-speed running) it should be opened 
into the fourth stage. 

Condenser and Vacuum.—Every effort should be made to 
maintain a high vacuum, because the economy of the turbine 
largely depends on this. 
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It should be remembered that the effective vacuum is that 
of the exhaust chamber and not that of the bottom of the 
condenser, consequently the vacuum reading should be taken 
from the exhaust chamber. There is little difference between 
the two at low speeds, but at high speeds it exceeds 1 inch. 

The greatest loss in the operation of the turbines is that due 
to poor vacuum. Roughly, the steam consumption is increased 
7 per cent. for a loss of 1 inch of vacuum from 28.5 inches, 
or about 1,500 horsepower at full power. 

It has been found that impaired vacuum is generally due to 
the turbine glands not being properly sealed. 

The most accurate vacuum gauges should be used, and these 
gauges should be calibrated frequently. Mercury gauges are 
more reliable and accurate than the spring type, which have 
not given very good results, but care must be taken that no 
mercury can get to the condenser. 

Backing Turbine.—The pressure in the backing turbine with 
the ahead turbine in use should be the same, or slightly greater 
than, the pressure in the exhaust chamber. Steam leaking 
through the astern operating valve, the warming-up steam 
valve or the astern gland, will cause an increase of pressure in 
the backing turbine. The drain of the first reverse stage 
should be left open. 

Clearance.—The clearances should be taken each watch and 
entered in the log. The clearance should not be less than 
0.05 inch under any running conditions. 

Economy.—The following points should be emphasized: 
(1) Carry high vacuum; (2) do not carry low steam-chest 
pressure; (3) work nozzles at full capacity; (4) do not allow 
steam to leak into backing turbine; (5) run auxiliary exhaust 
into turbines; (6) keep stage drains closed; (7) do not waste 
steam through gland drains; (8) run exhaust from hot-well 
pump turbine into main condenser to obtain the increased 
economy due to high vacuum. 

Comparative Efficiency of Turbines. Wien running to- 
gether, the same number of nozzles should be required, pro- 
vided the steam-chest pressures and the vacuum in the ex- 
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haust chambers are the same. By comparing the turbines in 
this way it can easily be determined whether there is any 
material difference in their steam consumption. 

Priming.—Priming has little effect on the turbines, but is 
dangerous on account of the auxiliaries. On one occasion the 
boilers primed excessively for a considerable time, but there 
was no effect on the turbines other than to slow them down 
slightly. 


STANDING BY. 


When stopped and standing by for signals the oil pumps 
should be stopped to prevent loss of oil. 

When standing by to get underway on short notice, the 
following should be done: Stop oil and dry-vacuum pumps, 
slow down circulating pump, open warming-up steam to tur- 
bines, open drains, and start siphon. When standing by for 
several hours, throw in turning gear and move rotor the same 
as when warming up. 


FULL POWER. 


Open all nozzles and carry steam-chest pressure at 275 
pounds. When more steam is being generated than the tur- 
bines will take, open by-pass to second stage, but keep pressure 
steady at 275 pounds. The main turbines will give no trouble 
as long as the auxiliaries run properly. They run as easily at 
full speed as at low speeds. 


SHUTTING DOWN. 


Before stopping, shift the auxiliary exhaust from the turbine 
to the condenser. 

When the order to secure is received, proceed as follows: 
Shut steam off glands; close operating valves tightly; open 
drains; close nozzles; shut down oil pump; do not close valves 
on oil system; drain water from cooling tank; cover bearings ; 
shut down hot-well pump, leaving exhaust to condenser open; 
keep dry-vacuum pump running for about two hours to dry 
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out main turbine and hot-well pump turbine; keep circulating 
pump running slowly until turbine has cooled down a little. 

In general, securing is the reverse of warming up. In se- 
curing, the auxiliaries should be drained, lubrication stopped, 
etc., according to usual practice. 


CARE AND OVERHAULING. 


When turbines are not in use the interiors should be kept 
dry and free from corrosion. ‘There has been little trouble 
in doing this. The turbines retain their heat for a long time, 
which thoroughly dries them out after steaming. Sufficient 
oil is carried over with the steam to form a good protective 
coating on the interior surfaces. All valves leading to tur- 
bines should be tight so that water will not leak into them. 

Some trouble has been caused by shafts rusting in the glands. 
This corrosion causes the rough surface of the shaft to cut the 
carbon packing, which wears away rapidly, is difficult to keep 
tight, and requires frequent overhauling. It is a good plan 
to oil the glands with cylinder oil and graphite after steaming. 

Oil should be pumped through the bearings at least once a 
week when lying in port to prevent corrosion. The turbines 
and the auxiliaries should be turned daily according to usual 
practice. 

The auxiliaries should be cared for the same as the auxilia- 
ries of reciprocating engines, except as noted below. The in- 
terior parts of the turbines and auxiliaries should be inspected 
frequently. The best way to learn the conditions inside is by 
actual examination. 

Casings.—The plates for examination on the exhaust cham- 
ber and underside of the casing should be removed and the 
inside of casing examined at least once a quarter. It will gen- 
erally be found that the turbines are dry and well protected 
with a coating of oil. 

Foreign Substances.—When any part of the turbine is open, 
the greatest care should be exercised to prevent foreign sub- 
stances getting in. For ordinary repairs, as a rule, the tur- 
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bines should not be left open over night, or for any consider- 
able length of time. 

Steam Strainers should be examined every six months. 

Glands.—The carbon packing should be removed, cleaned 
and refitted once in three months. The ends of the segments 
should be dressed down until there is from one-sixteenth to 
one-thirty-second inch clearance between the ends. This will 
allow for the ends coming closer together as the segments 
wear. 

The springs of the segment holders should be replaced if 
they are corroded or weak. Spare springs should be carried 
in stock for this purpose. In the hot-well pump turbines the 
steel were replaced with brass ones, which have given better 
service. The shaft should be cleaned, and, if rough, it should 
be dressed smooth. 

Oil Strainers.—The oil strainers should be removed and 
cleaned after each run. 

Steam Chest.—The nozzle valve-stem packing should be 
kept in good condition. About once in six months the steam 
chests should be removed and the nozzles examined. 

Vacuum Joints.—All joints, stuffing boxes, etc., subjected to 
vacuum should be made perfectly tight. The packing of mov- 
able joints should be examined frequently and should be set up 
tight or renewed as necessary to keep the joints tight. Other 
joints should be painted or cemented over all parts of the joint 
through which’ air can pass—over edge of gasket, around 
bolt heads, nuts, ete. This coating should be fairly thick and 
its surface unbroken. When such joints, after drying, are 
subjected to vacuum they should be examined and, if the 
surface of the coating is found drawn in and broken, more 
coating should be put on, or, if necessary, the joint should be 
remade. With joints cemented in this way, it is possible to 
tell by examination whether they are tight, which is not possi- 
ble with ordinary joints. For this purpose asphaltum paint 
has given good results. 

To make frequent inspection easy the joints should not be 
covered. Lagging is not necessary for parts under high 
vacuum. 
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Operating Valves.—The operating valves should be over- 
hauled once in six months. The valves should be removed, 
cleaned, ground in, the rings fitted, etc. When necessary, the 
rods should be adjusted so that the valves will seat properly. 

It is important to keep the astern operating valve tight to 
prevent leakage into the backing turbine while steaming. 

Main Bearings—The caps should be lifted and the journals 
examined once in six months. If the bottom brass is damaged 
and has to be replaced with a spare, it may require several 
days. The shaft and rotor must be jacked up and the brass 
driven out. 

There is practically no wear on the bearings under ordinary 
circumstances. However, the vertical position of the shaft 
should be measured occasionally to determine whether the rotor 
is properly centered in the casing. If there is appreciable 
wear, new brasses should be put in or the bearing should be 
lined up with shims. 

If the bearing is burned out or worn considerably, the dia- 
phragm bushings will be worn down, which will increase the 
leakage. ‘The bearing should not be allowed to wear down 
more than 0.02 inch. One-tenth inch wear on the bearings 
and the consequent wear of the diaphragm bushings increases 
the steam consumption about 8 per cent. 

Thrust Bearing.—The clearance or “float” of the thrust 
bearing should be measured when checking up the turbine 
clearance. When it is necessary to adjust the clearance—the 
fore-and-aft position of the rotor—the nuts of the side rods 
are slacked back and the bearing drawn forward or back the 
desired amount, which is measured with feelers. Care should 
be taken to move each rod the same amount, otherwise the 
collars will be canted, and a hot bearing will result. 

In adjusting the clearance in port, the position of the rotor 
is measured by inserting a feeler between the rotor and stator 
through a peep hole. If this cannot be done, it is measured 
by the clearance gauge. 

Clearance.—The clearance gauges should be checked fre- 
quently and the scales set to the correct readings. The best 
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way to do this is to turn the rotor with the turning engine and 

- move it axially in one direction until it strikes. Set the 0, 
or striking point, of the corresponding scale under the pointer 
and secure the scale. Move the rotor to the opposite striking 
point and set the other scale. Graduations on clearance gauge 
are shown in Fig. 5. 


EARANCE 


Fig. 5. 


Ordinarily it is not desirable to disturb the adjustment of 
the rotor in checking the clearance gauges, and the following 
method is used: Remove plugs from peep holes and insert 
special feeler between rotor and stator at different points along 
turbine. Take smallest measurements on each side, which 
should be the same as the gauge readings. The rotor should 
be revolved and the same measurements taken at various 
points of the circumference. 

No matter how accurately the clearance gauge is set, it cannot 
be depended on absolutely, on account of the inaccuracies of 
construction and the difference of expansion under the differ- 
ent conditions met with. For this reason it is not safe to run 
with too small a clearance by gauge. 

Hot-Well Pump.—The turbine should be examined and 
overhauled the same as the main turbine. The ball bearings 
should be examined and cleaned occasionally. This pump 
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has been very satisfactory, and has given practically no 
trouble. 

Dry-Vacuum Pump.—The engine should be cared for the 
same as any other engine. On account of the small clearance 
in the air cylinder it should be measured after overhauling the 
bearings. The valves should be taken down frequently, ex- 
amined and refitted. The springs break occasionally and have 
to be renewed. 

Oil Tank.—The cooling coil of the oil tank should be tested 
for leaks occasionally. The oil should be drained out and the 
tank cleaned at intervals of about six months. 

In Dry Dock.—The propellers should be cleaned and highly 
polished. On account of the high speed of rotation every 
effort should be made to reduce the friction. 

Lifting Casings.—The Navy Regulations require the casings - 
to be lifted and the interiors of turbines examined once a year. 
This work can be best done at a navy yard, and requires about 
a month. 

The exhaust pipes and upper parts of the casing are lifted 
out with a crane and landed on the dock. The rotor is lifted 
with the special lifting gear and all parts examined. 

The greatest care must be taken to prevent dirt and foreign 
substances from getting into the turbine. The hatches should 
be roped off and the turbine carefully covered with canvas 
when no work is being done. 

All joints are scraped down, and when the casing is put 
together great care must be taken to make the joints tight. 
Joints are made with manganasite, wire gauze being used for 
joints under high pressure. 

When the casings were lifted in May, 1909, the following 
condition was found: Both turbines had been damaged by 
foreign substances and some of the buckets and nozzles were 
badly bent and battered. One row of buckets was completely 
closed. Rubbing had caused some of the shrouding to be worn 
away but had not injured the buckets. 

The surfaces of the buckets.and nozzles were in perfect con- 
dition as regards corrosion and erosion. ‘The interiors of the 
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turbines were in good condition, and there was practically no 
corrosion. 

Stage Valves.——Tests were made to determine the value of 
the stage valves originally fitted, and it was found that they 
had little or no effect on the steam consumption. For this 
reason, and on account of the undesirability of having fittings 
inside of the turbine that might get loose and cause damage, 
they were removed. 

Turbine Oil.—A pure mineral oil should be used for forced 
lubrication. This should be free: from acid; otherwise the 
bearings will be rusted. 

Oil can be tested for the presence of animal or vegetable 
matter with a solution of borax and water. If such matter is 
present a white emulsion will be formed. The pure mineral 
oil will appear on top, the borax solution on the bottom, and 
the emulsion between. 

Oil as a live element requires handling carefully to remain in 
good condition. Make-up oil should be added regularly to 
keep the full body as nearly constant as possible. This regu- 
lar addition of new oil keeps it at about the same fluidity for 
the full period of use. If allowed to run too long without new 
oil being added, it will thicken and will ultimately have to be 
replaced as a whole. 

No oil should be used which does not have a sufficiently 
high flash point, but the running temperature is well below 
the flash points of all oils used for this purpose. 

The oil should have a fair body at the running temperature 
(about 120 degrees) and the viscosity should not fall off too 
rapidly at increased temperature. 

If pure mineral oil is not used the constant circulation due 
to pumping will form a mechanical mixture which will cause 
the oil to emulsify and thicken, resulting in the system becom- 
ing clogged. 

The flow of oil should be easy, and the tank should be suffi- 
ciently large for it to remain long enough to clear itself before 
passing into the succeeding cycle. 
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SUPPLIES. 


The following special supplies should be kept on hand: 
Main Turbines.—Two sets of carbon packing, carbon hold- 
ers, springs for carbon holders, special packing for nozzle 
valve stems, two spare bottom brasses, and turbine oil. 
Hot-Well Pump.—Two sets of carbon packing, carbon hold- 
ers, springs for carbon holders (brass), spare balls for ball 
bearings, wheel-bucket segments, and intermediate bucket 
segments. 
Dry-Vacuum Pump.—Springs for air piston and balance 
plate, valve rods, special cylinder oil. 
Miscellaneous.—A good supply of aluminum paint, glasses 
for sight boxes, mercury for vacuum gauges. 
Records.—Such special forms as are furnished for keeping 
the records. 
Changes.—The following is a list of the principal changes 
made on the Salem since delivery to the Government : 
1. Removed baffle plates and some tubes from upper rows in 
condensers to give a better vacuum in the exhaust chambers. 
2. Installed hydraulic cylinders on operating valves to pre- 
vent excessive jumping in opening. 
3. Installed exhaust connections from hot-well pump tur- 
bines to main condensers so that better economy could be 
obtained with the high vacuum. 
4. Removed stage valves from turbines as noted above. 
5. Installed double adjustable scales on clearance gauges so 
that the actual clearances of both sides of the rotor could be 
read directly from the gauges. (See Fig. 5.) 
6. Installed by-passes to the second stages of the turbines 
to give greater overload capacity. 
7. Installed guards on turbine shafts between glands and 
main bearings to prevent steam from blowing against bearings. 
8. Installed oil-pressure gauges on main gauge boards. 
9. Installed large (10-inch) accurate gauges for steam 
chests. 
10. Changed gauge connections from gland steam pipes to 
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the glands, so that the actual pressures in the glands would 
be recorded. 

11. Geared the revolution counters down 10 to 1, because 
they would not run satisfactorily at the high speed of the tur- 
bine. 


12. Removed gravity oil tanks. 
13. Removed shaft bilge pumps and connected water-service 
discharges to suctions of main circulating pumps. 
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PERFORMANCE. 


Steam Consumption.—At full power the water rate per 
shaft horsepower is about 16 pounds and at 10 knots about 40 
pounds. (See curve of water rates, Fig. 6.) 


Fig. 7. 
V'acuum.—There has been little difficulty in maintaining a 
high vacuum. With cold circulating water about 28.5 inches 
is carried and with warm circulating water about 28 inches. 
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Backing.—The backing qualities are excellent, and for this 
reason the ship handles unusually well. (See curves of back- 
ing tests, Fig. 7.) " 

Regulation of Speed.—The revolutions are regulated very 
accurately, as stated above. Compared with a reciprocating 
engine, the turbine can be regulated closer and the speed main- 
tained more steadily. 

Head Sea.—As compared with a reciprocating-engine ship, 
the decrease in speed, due to a head sea, is slightly greater. 

Vibration.—There is no vibration caused by the turbines. 
There is a small amount of vibration caused by the screws at 
low power, and this increases slightly at high powers, but the 
greatest vibration is remarkably small when compared with 
vessels fitted with reciprocating engines. 

In backing there is considerable vibration, caused by the 
propellers. 

If the propellers are damaged the vibration is excessive. 
The vibration also increases with the wear of the after strut 
bearings. 
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SERVICE NOTES. 


U. Ss. Ss. ‘* BUFFALO.” 
PERFORMANCE DATA. 


The U. S. S. Buffalo, formerly E/7 Sud, of the Morgan 
line, is a single-screw transport used at present for service be- 
tween San Francisco and Panama. 

The notes which follow are compiled from reports made by 
Ensign Bruce R. Ware, Jr., U. S. Navy, Senior Engineer 


Officer. 
Effect of Fouling on Speed. 


The following table gives a good illustration of the results 
of fouling on coal consumption, revolutions, speed and power, 
and shows roughly the benefit derived from trimming one- 
third inch by the stern for each ten feet in length. 


No. 3. No. 4. 
1909. 1909. 1909. 
Draught, forward, feet and inches..... 17-1 15-2 17-5 15-9 
aft, feet and inches........... 21-8 20-4 23-2 20-4 
mean, feet and inches....... 19-44 17-9 20-34 18-0} 


Corresponding displacement, tons....6,000.0 5,300.0 6,400.0 5,400.0 
Coal per hour, all purposes, pounds.. 5,017.6 5,998.7 6,737.9 6,431.1 


Average revolutions per minute........ 64.08 67.12 69.2 65.83 
all 2,501.2 2,662.5 3,147.8 3,075.5 
Pounds coal per I.H.P......000....00cc0ee 1.96 2.28 2.14 2.12 
Knots per ton of coal...0..0c00.0.00000000- 5.08 4.26 4.21 3.4 
Average knots per hour.......0..sces0000+ 11.49 11.42 12.63 9.76 
Slip of screw, per 21.6 18,2 31.7 


The dates of the above runs were selected when the condi- 
tions, force and direction of wind and sea were practically the 
same. All auxiliaries running in each case were the same. 
The condition of the bottom on runs Nos. 1, 2 and 3 was foul. 
On the fourth run it was very foul. 
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Effect on Speed of Cleaning Propeller lades. 


In the following table, on the run marked “A” the pro- 
peller was very foul, not having been scraped since the ship 
was in dock, May 24, 1909. On the run marked “/” pro- 
peller was clean, having been completely scraped by a diver 
before leaving port. The cost of this diver’s work was $9.75. 


1640 89, Apr..16 to May 4, 
Draught, forward, feet and inches.. 15-09 15-114 
aft, feet and inches......... 20-04 21-024 
mean, feet and inches...... 18-004 18-07 
Displacement, 5,400.0 5,630.0 
Coal per hour, all purposes, pounds. 6,431.0 6,766.0 
Revolutions per minute................. 65.83 65.74 
1.H.P., main 3,015.5 3,353-4 
all 3,075-§ 3,426.0 
Knots per ton of coal............2000000 3.4 3-57 
Average knots per hour...............+- 9.76 10.8 
Slip of screw, per cent................+. . 31.7 24.5 
Mean days out of dock 298.0 330.0 


Without taking into consideration the additional fouling of 
the ship’s bottom for the time between the two runs, and 
using for a basis 3,500 miles, the coal required would be as 
follows : 

For “4,” 1,056 tons ; For “2B,” 980 tons. 
Thus the scraping of the propeller made a saving of 76 tons, 
and, at the average price of coal on the West Coast, this in- 
dicates a saving in expense of $634.30. ‘The amount saved 
on the run from Panama to San Francisco was approximately 
$1,200.00, 
Evaporator Feed-water Heater. 


This vessel carries a total of about 950 persons, including 
officers, crew and passengers. ‘The rated capacity of the 
evaparating plant, when forced, was 6,000 gallons for twenty- 
four hours. The ordinary capacity was about 4,000 gallons. 
In a desire to increase the efficiency so as to make sufficient 
water for the actual needs of all the men on board, an evap- 
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orator feed-water heater, as per accompanying sketch, was 
made and installed by the ship’s force. 

Referring to the sketch, 1, 2, 3 are three old steam radiators 
fitted with internal pipes, as shown at 1. “/’” is the vapor 
line common to all three evaporators, and “C” is the shut-off 
valve tothe heaters. Thus, by taking steam (heating element) 
from the common vapor line the heater can be run with all 
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Ia Evaporators 


or any one evaporator. This vapor passes through “ss,” as 
shown by broken arrows, through the star down the internal 
pipes in 1, 2 and 3, and traps off at ““” into the line to the 
ballast tanks, or after trimming tank. ‘The feed water enters 
at “IW” from the evaporator feed pump, passes through “A” 
into 1, 2 and 3, as shown by solid arrows, outside the internal 
steam pipe and out to the evaporators. By closing valves 


A. 
! 4 
(A ‘a, 
1 
= 
ley = 
| 
| 
| | 
| 
i 
1! 
Water. 
Sram. 
| 
rit 
J 
Oo”. £. 
~ 
aa 


990 SERVICE NOTES. 


“C,” “4” and “£” the heater is cut out. By opening these 
valves and closing valve “Z” the heater is cut in. Thus we 
have not only a feed-water heater but an extra distiller, with 
no additional drain on the boiler steam. 

Previous to installing this heater the average water distilled 
per day was 4,810 gallons. With the heater running, and 
other conditions the same, it rose to 5,847 gallons, a gain of 
20 per cent. It was also noted on the test trial that the pres- 
sure required to distil the same amount of water in the same 
time fell from forty pounds, without the heater on the coil of 
No. 1, to thirty-five pounds with the heater—a drop of three 
pounds on the coil of No. 2 and a drop of two pounds on the 
coil of No. 3. The average coal used per day for twenty days, 
with the heater running, making an average of 5,847 gallons 
per day, was 2.782 tons. The average before the use of the 
heater was 4,810 gallons and 3.221 tons perday. This shows 
a final gain of 21.5 per cent. 

The temperature of the feed water was raised by use of the 
heater from 115 to 172 degrees F.” 

A subsequent report is as follows: 

Since the installation of the feed-water heater by the ship’s 
force the following points have been noted : 

(rt) An increased shell pressure of five pounds. 

(2) A much heavier deposit of scale, in proportion to the 
amount of water distilled, than when the heater was not in 
use. 

(3) No corrosion was found. 

The evaporators were run continuously under forced con- 
ditions from November 1, 1909, to May 5, 1910, scaled every 
two (2) weeks and on arrival here (Navy Yard, Mare Island, 
Cal.) stood a cold-water-pressure test of 105 pounds. During 
this period only one tube was renewed. From the results it 
is judged that the use of the heater has worked no injury to 
any part of the installation. With a draft of 800 men on 
board the gain of 21.6 per cent. in capacity and in economy 
was a necessity in order to produce sufficient fresh water for 
their needs. 
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THE LOSS OF THE “ PLUVIOSE.” 


The recent deplorable loss of the French submarine P/uvz- 
ose, which occurred through this vessel being struck by the 
passenger steamer Pas-de-Ca/azs, has led to much speculation 
as to the exact sequence of events leading to the complete 
sinking of the vessel. The following is a translation of a 
communication to Ze Yacht. The conclusions of the corre- 
spondent are interesting, and worthy of serious thought. 

A photograph of the wreck of the unfortunate Pluviose, 
taken by a passenger on the Pas-de.Calazs while she still re- 
mained above water, leads us to a very reasonable hypothesis 
as to the sequence of events leading to her final loss. 

At the moment of collision the P/uvzose was steering to the 
westward. Pierced in the motor compartment, and so vio- 
lently that, according to the divers, a small boat could pass 
into the hull, she sank by the stern, reaching the bottom 
quickly in 21 meters. 

The water quickly filled the motor compartment and passed 
into the engine compartment. These two compartments are 
separated by a bulkhead nominally watertight, but with sev- 
eral holes for pipes, of which one was about 20 cm. in diam- 
eter. The vessel rested on the bottom at the stern, with the 
bow above water, and after a time took up a position of equi- 
librium. The water, after having reached a certain level in 
the interior, was stopped by the pressure of the air. If noth- 
ing had been touched it is believed that the vessel would 
have remained thus for a long time—at least long enough to 
permit powerful tugs to tow her to the beach while dragging 
her by the stern. Unfortunately, the forward manhole was 
opened, as the divers have stated, following their operations. 
Water filled the remaining space and the vessel soon sank. 

Why was this manhole opened? The photograph shows 
the bow above water, so that the forward manhole during the 
first moments of the accident was 4 meters under the water, 
supporting thus an outside pressure of .4 kilogram. Now, 
water having invaded the hull, had created in the part re- 
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maining empty a pressure of about .8 kilogram, due to the 
depth of immersion of the hole. The manometer, which 
only marked the difference in pressure, indicated then “sur- 
face,” not having to support any outside pressure. It is very 
probable that, in view of this indication “surface,” the un- 
fortunate crew of the Pluviose believed that they were afloat 
and opened the manhole without fear. 

It is very curious that a former commanding officer of the 
Pluviose had remarked since the wreck of the Zauéznz, which 
also opened her forward manhole, the anomaly of the mano- 
meter only indicating a difference in pressure instead of an 
absolute pressure, and attributed to this cause the loss of the 
submarine at Bizerte. 

If the above hypothesis is correct it is probable that, if the 
manhole cover had been provided with a small glass plate, 
the crew of the P/uviose could have seen that they were be- 
low the surface. 

The lessons to be drawn from this catastrophe are : 

1st. The differential manometer should be replaced by an 
absolute pressure gauge. 

2d. The bulkheads and doors which are sazd to be tight 
should be so in reality. It is remarkable that so much work 
should be expended on a bulkhead to adjust a door, making 
it perfectly watertight, and then there should be placed by its 
side a hole large enough to pass a man’s body through. This 
condition is found not only in submarines but also in battle- 
ships. 

3d. It seems advisable to fit a pane of glass in each man- 
hole cover. 

A fourth lesson may also be learned with profit, which is 
that we do not yet possess adequate facilities for lifting sub- 
marines of 400 tons, and some of them are of greater tonnage. 
Experiments made in the harbor of Cherbourg last March, on 
the condemned hull of the NVarva/, were not sufficiently con- 
clusive. They should be repeated with an old hull repre- 
senting more nearly the dimensions of a large submarine, and 
should be carried on to a point affording positive results. 
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Comment. 


The editor of Ze Yacht very justly observes: “As to the 
manometer incriminated, we do not think that it gave a false 
indication, for, from the first moment of the accident, the 
storage-battery compartment was filled, creating short circuits 
and extinguishing all the lights on board in the case of the 
Lutrn, as in the case of the Pluviose.” 

‘““We agree with the conclusion that the bulkheads should 
be really watertight, and believe, with the author of this arti- 
cle, that with such bulkheads, and if the forward manhole 
had not been opened, the Pluvzose would have remained in 
an inclined position in a state of equlibrium, with her bow 
above water, until help could arrive.” 


FOUNDERING OF A JAPANESE SUBMARINE. 


On April 16th last, submarine No. 6, of the Imperial Japan- 
ese Navy, foundered while maneuvering in Hiroshima Bay, 
and all on board perished. She was commanded by Lieuten- 
ant Sakuma ‘I'sotomu, and after the vessel was raised, the 
following letter of farewell from him was found in her 
conning tower. This remarkable document will be read with 
interest. The translation from the original, published in the 
Japanese press, appeared in the “ Kobe Herald,” and is as 
follows: 

“Although there is, indeed, no excuse to make for the 
sinking of His Imperial Majesty’s boat and for the doing 
away of subordinates through my heedlessness, all on the boat 
have discharged their duties well, and in everything acted 
calmly until death. Although we are departing in pursuance 
of our duty to the State, the only regret we have is due to 
anxiety lest the men of the world may misunderstand the mat- 
ter, and that thereby a blow may be given to the future devel- 
opment of submarines. Gentlemen, we hope you will be in- 
creasingly diligent without misunderstanding (the cause of 
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this accident), and that you will devote your full strength to 
investigate everything and so ensure the future development 
of submarines. If this is done, we shall have nothing to 
regret. 

“While going through gasoline submarine exercise we sub- 
merged too far, and when we attempted to shut the sluice 
valve the chain in the meantime gave way. Then we tried to 
close the sluice valve by hand, but it was ther too late, the 
rear part being full of water, and the boat sank at an angle 
of about 25 degrees. 

“The boat rested at an incline of above 13 degrees, point- 
ing towards the stern. 

“The switchboard being under water, the electric lights 
gave out. Offensive gas developed, and respiration became 
difficult. 

“At about 10 A. M. on the 15th the boat sank, and under 
this offensive gas we endeavored to expel the water with a 
hand pump. 

“At the same time as the vessel was being submerged we 
expelled the water from the main tank. The light having 
gone out, the gauge cannot be seen, but we know that the 
water has been expelled from the main tank. We cannot use 
the electric current entirely. The electric liquid is overflow- 
ing, but no salt water has entered, and chlorine gas has not 
developed. We only rely upon the hand pump now. 

“The above has been written under the light of the conning 
tower, when it was 11:45 o’clock. We are now soaked by the 
water that has made its way in. Our clothes are pretty wet, 
and we feel cold. 

“T had always been used to warn my shipmates that their 
behavior (on an emergency) should be calm and delicate while 
brave; otherwise we could not hope for development and 
progress, and that at the same time one should not cultivate 
excessive delicacy lest work should be retarded. People may 
be tempted to ridicule this after this failure, but I am perfectly 
confident that my previous words have not been mistaken. 
“The depth gauge of the conning tower indicates 52, and 
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despite the endeavor to expel the water, the pump stopped, and 
did not work after twelve o’clock. 

“The depth in this neighborhood being ten fathoms, the 
reading may be correct. 

“The officers and men of submarines must be appointed 
from the most distinguished among the distinguished, or there 
will be annoyance in cases like this. Happily all the members 
of this crew have discharged their duties well, and I feel 
satisfied. 

“T have always expected death whenever I left my home, 
and therefore my will is already in the drawer at Karasaki. 
(This remark refers only to my private affairs, and it is not 
necessary. Messrs. Taguchi and Asami! Please inform my 
father of this. ) 

“T respectfully beg to say to His Majesty, I respectfully 
request that none of the families left by my subordinates shall 
suffer. The only thing I am anxious about now is this. 

“Please convey my compliments to the following gentle- 
men (the order may not be proper): Minister Saito; Vice 
Admiral Shimamura; Vice Admiral Fujii; Rear Admiral 
Nawa; Rear Admiral Yamashita; Rear Admiral Narita. (At- 
mospheric pressure is increasing, and I feel as if my tym- 
panum were breaking.) Captain Oguri; Captain Ide; Com- 
mander Matsumura (Junichi); Captain Matsumura (Riu) ; 
Commander Matsumura (Kiku)—my elder brother. Captain 
Funakoshi; Instructor Narita Kotaro; Instructor Ikuta Ko- 
kinji. 

“12:30 o'clock, respiration is extraordinarily difficult. 

“T mean I am breathing gasoline. I am intoxicated with 
gasoline. 

“ Captain Nakano.* 

“It is 12:40 o'clock.” 

—‘ Journal Royal United Service Institution.” 


*This is the name of another officer to whom the dying officer desired to be remembered. 
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THERMIT FOR SHIP’S REPAIRS. 


The following is from a report by Lieutenant Paul Foley, 
U. S. N., commanding U. S. S. Dixie. The Divie is fitted 
up as a repair and store ship and acts as parent ship for the 
torpedo fleet. 

An interesting and at the same time convincing demonstra- 
tion of the possibilities of thermit for general ship repair work 
is presented in a mold across a bearing surface of a fractured 
shaft recently made by the thermit process on board the Dixie, 
tender to the Atlantic Torpedo Fleet. 

The shaft referred to belonged to the destroyer Reid and 
had been fractured during the final acceptance trial of that 
vessel. It was a single-crank solid-forged shaft, turning on a 
vertical axis at 900 revolutions per minute. It was 40 inches 
long and 24 inches in diameter with an axial hole 1;%, inches 
in diameter for internal oil circulation. The fracture oc- 
curred across a bearing surface 11} inches from the fan. 

This then perfectly useless piece of metal was welded, re- 
stored to its original condition, and refitted in the Reid in 78 
hours at a total cost of thirty-three dollars ($33.00). But 
aside from considerations of money economy, the operation 
was one of the most exacting ever attempted by the thermit 
process, within my knowledge. 

The conditions to be satisfied were: 

To recover and maintain the true axial alignment of the 
shaft, which was hollow. 

To preserve the over-all dimensions of the shaft mathemat- 
ically exact, one end of the shaft being fitted with thrust 
collars, and the fan end having no clearance whatever, the 
fan bearing being conical. 

To unite the butts. 

To avoid burning the metal adjacent to the weld, as the 
welded metal had subsequently to be turned down to a true 
bearing surface. 

After welding to re-bore the axial oil hole. 

The axial alignment of the shaft was recovered by re- 
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boring the axial hole of both broken parts truly concentric 
with the outer bearing surface and fitting a steel core between 
the two parts. The steel core was forced home in a lathe. 
It had an air channel cut longitudinally in its face to prevent 
any accumulation of air behind the core, which, under the 
intense heat of the thermit steel, might have exploded and 
disrupted the shaft. This part of the operation required 
fourteen hours of careful work. 

Sufficient metal to allow for the thermit steel was turned 
off one of the butts before forcing the core home, and after the 
true length of the shaft had been re-established on the core 
by means of a steel tram, the shaft was securely clamped to a 
plank of three-inch ash, and the metal box for the mold set 
up around the fractured parts. This operation required sev- 
enteen hours. It was not hurried. 

The thermit mold differs from that in ordinary use in that 
it is in one piece. Copes and drags are not used. The first 
stage in mold construction consists in forming about the butts 
to be united a collar of yellow wax molded to the exact shape 
that it is desired to have the thermit steel. In ordinary cases 
this collar would be left. In this case it was necessary to 
turn it down to a bearing surface. The second stage consists 
in improvising an iron box about the butts and filling it with 
green sand and fire clay. Wooden plugs are used to form the 
gate and riser, and a small piece of pipe led from the wax 
collar downward and out. This is subsequently plugged with 
a baked core. The third stage consists in preheating by means 
of a special gasoline torch. Preheating serves the triple pur- 
pose of melting out the wax, baking the mold and heating the 
sections to be united. The operation is considered completed 
when sections have obtained a bright red heat. This usually 
takes three hours. When preheating is complete the thermit 
crucible is set up over the mold and the thermit is placed 
therein and is ignited; this operation takes less than five 
minutes. 

Thermit is a mixture of finely-divided aluminum and iron 
oxide. When ignited in one spot the combustion so started 
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continues through the entire mass without supply of heat or 
power from outside. It produces superheated liquid steel, 
and superheated liquid slag, aluminum oxide. The reaction 
produces a temperature of 5,400 degrees F. in less than 30 
seconds. When this superheated liquid steel is poured upon 
the parts to be united it dissolves the metal which it comes in 
contact with and unites it to form a single homogeneous mass. 
Unless, however, the parts have been previously heated to a 
bright red, the incoming metal will exert a chilling effect and 
prevent successful fusion. 

In this particular operation discussed there were used twenty 
pounds of thermit powder at twenty-five cents per pound, and 
two pounds of punchings at three cents per pound. 

The mold was broken down five hours after pouring. The 
subsequent operations—machining and _ re-boring—required 
thirty-four hours. There being no off-set drill available for 
re-boring from the crank web end, a smaller axial hole was 
bored from the outer end and plugged. When finished the 
shaft was in absolute alignment, and the bearing restored to 
its original diameter and finish. 

The various operations will be more clearly understood 
from the accompanying cuts, which are from photographs. 
The cuts are numbered according to the sequence of operations 
on the shaft. 

The shaft was refitted in the Reid and is now in use, the 
Reid having steamed 1,000 miles thereunder. 

There is nothing explosive about the thermit reaction, and 
no danger is incurred in storing or handling the material, 
owing to the fact that it requires the temperature of liquid 
steel to ignite it. Ignition can only be obtained by means of a 
magnesium flash-light powder. 
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AUSTRIA-HUNGARY. 


It is learned from a reliable source that the government of 
Austria-Hungary intends to create a fleet of sixteen Dread- 
noughts. The construction of the first four, two of which 
have already been laid down, will be pushed with the greatest 
activity, followed by twelve others. 

The government will present to the parliament a program 
of construction and scheme for raising the necessary funds to 
provide for these ships. Their life is fixed at eighteen years, 
after which they are to be replaced. The organization of this 
new fleet is to be based on that of Germany.—‘“La Vie Mari- 
time.” 


BRAZIL. 


The battleship Sao Paulo, sister to the Minas Geraes has 
recently completed her acceptance trials, the results of which 
are given in the following table, for which we are indebted to 
“Engineering” : 


Mean Results of all Trials. 


48 hours’ coal Six full- 
consumption | 30 hours’ trial. | 8 hours’ trial. | speed 
4 mile 
runs 
Ibs, 280 Ibs 
Whole| Mile |Whole| Mile |Whole| Mile | boiler a 
trial. | runs. | trial. | runs. | trial. | runs. | press. | PT°*S- 
1910, Igt0. I1gto. 1910. 
Date May 21, 22, 23. May 24, 25. May 28. May 30. 
Draught, forward, feet and inches.| 25-02 25-00 24-05¢ 24-08 
aft, feet and inches........ 25-057 25-03¢ 25-01 24-10 
mean, feet and inches... 25-037 25-01} 24- 24-09 
Displacement, tons........ 19,645 19,460 19,133 19,110 
ean I.H. 2,403 | 2,383 | 16,067 | 17,377 | 21.484 | 22,355 | 25-517 | 28,645 
TEVOLULIONS, | 67.52 127 | 129.8 138.7 | 140.85 | 145.59 | 150.85 
Speed, ooo 10.61 | 9 853). 20.99 | 21.231 | 21 623 
Boilers in use at § 6 8) 1 18 18 18 18 
Coal consumption, Ibs. per 1.H.P.| 18 1.42 
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The Sao Paulo was built and engined by Messrs. Vickers 
Sons & Maxim, who also furnished the engines for the Minas 
Geraes, which was built at Elswick. The following are the 
particulars of both vessels : 


between perpendiculars, 500-00 

Displacement at 25 feet draught, 19, 280.0 
Normal coal capacity on 25 feet draught, toms........0...ec0sseereeceees 800 
Total bunker capacity, tons...... 2,360 
Radius of action, determined on 48-hours’ trial at 10.6 knots, sea 

Armament : 

Armor : 

g-inch, 6-inch and 4-inch cemented steel. 


Forward and after athwartship bulkheads, inches................... 3 and 4 
Machinery—Engines, triple-expansion, four-cylinder type. 


Diameters of cylinders, high-pressure, inches..............ssse+sss0+ 0-39 
intermediate, 0-63 

Stroke, feet and inches.. 3-06 

Total cooling surface of 24,000.0 

Boilers (eighteen) of Babcock & Wilcox type : 


In the gunnery trials which followed the steaming trials, all 
the guns in one broadside, ten 12-inch and eleven 4.7-inch, 
were fired simultaneously, the weight of metal thrown being 
about 4 tons. The effect was to heel the vessel about 5 degrees, 
but no structural damage was done. Two 12-inch guns were 
leveled and fired directly over a lower turret in which officers 
were stationed, who experienced no discomfort. 

A third battleship, to be called the Rio de Janeiro, has been 
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ordered from the Elswick yard of Sir W. G. Armstrong, 
Whitworth & Co., Limited. The new battleship will be 655 
feet in length overall by 92 feet beam, and will have a draught 
of 26 feet, and a displacement of 32,000 tons. Her arma- 
ment will consist of twelve 14-inch guns, fourteen 6-inch guns, 
fourteen 4-inch guns, three 6-pounder landing guns, six ma- 
chine automatic guns, and three 18-inch under-water torpedo 
tubes. She will not only be very much larger than the Minas 
Geraes and Sao Paulo, but will also be bigger by a good deal 
than any battleship in, or at present in course of construction 
for any other navy. The machinery will be of the improved 
turbine type, to be manufactured by Vickers, Sons & Maxim, 
Limited, and will drive four screws and give a speed of 224 
knots. The approximate cost is understood to be £2,900,000, 
and the vessel is to be completed in two years.—Engineer- 
ing.” 

Floating Dock.—A new 22,000-ton floating dock of the 
self-docking type has just been completed by Messrs. Vickers, ° 
Sons & Maxim and delivered to the Brazilian Government for 


service at Rio de Janeiro. The following are some of the 
kading dimensions : 


Over all length of dock over 25-foot platform, feet and inches....... 550-06 
pontoons, feet and inches.................. 500-064 
central section, feet and inches....................0005 165-03 
each end section, feet and 167-07% 
width of dock, feet and 136-008 
depth of pontoon at center, feet and inches............... peat 18-03% 
foot of walls, feet and inches............ 17-09% 


length of side walls, including docking lands, ft. and ins.. 450-06 
height of side walls above pontoon deck, feet and inches.. 45-06 


and pontoon, feet and inches............. 63-038 

width of side walls at base, feet and inches................ eee. 18-008 

top, feet and inches...................000 12-064 
Maximum draught of vessel, 30-00 
Height of keel blocks, feet....... 4-00 


Depth of water required to dock vessel of 30-foot draught, includ- 
ing 6 inches for troughs and 5-inch clearance, feet and inches.... 53-03 
Freeboard of side walls, feet and imches...........ccccscccecsesecceescnceces 10-06 
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Destroyers.—The official full-speed trial of the Brazilian 
destroyer Sergipe, built by Messrs. Yarrow & Co., took place 
on July 8th. The speed obtained was 27.676 knots on the 
mile and 27.605 knots during a continuous run of three hours’ 
duration. The contract speed was 27 knots. 

The Sergipe is the last of the ten destroyers ordered by the 
Brazilian Government from Messrs. Yarrow. ‘The first 
seven vessels are now in commission in Brazil, the eighth has 
just left the Clyde and the ninth has been handed over to the 
Brazilian authorities and will shortly leave for Rio. 

The dimensions of the Brazilian destroyers are: Length, 
240 feet; beam, 23 feet 6 inches. They are propelled by two 
sets of four-cylinder reciprocating engines 8,000 horsepower 
collectively, balanced on the Yarrow, Schlick and Tweedy 
system. Steam is supplied by two double-ended Yarrow boil- 
ers of the latest type. 


GREAT BRITAIN. 


Liverpool—His Majesty’s cruiser Liverpool, built by 
Messrs. Vickers Sons & Maxim, Limited, has completed her 
steam trials, and realized a mean speed of 26.171 knots over 
the measured mile, the designed speed being 25 knots. The 
vessel was completed within sixteen months of the laying of 
the keel. The full-power trial was of eight hours’ duration, 
within which period six runs had to be made over the meas- 
ured mile. On these runs the revolutions of the four propel- 
lers averaged 512.7 per minute, while the shaft horsepower 
was 24,718, and the speed of the ship 26.171 knots. This 
power was easily maintained, and with great regularity, 
throughout the eight hours’ run. The fuel consumption—oil 
and coal being used—was equivalent to 1.65 pounds of coal 
per shaft horsepower per hour. 

The coal-endurance trials specified in the contract were a 
22 hours’ run at about 14,000 horsepower and an eight hours’ 
run at about 18,000 horsepower, both trials being continuous. 
On the 22 hours’ trials the power developed was 13,970 shaft 
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horsepower, and the fuel consumption was 1.57 pounds per 
shaft horsepower per hour. For the eight hours’ trial the re- 
sults were equally satisfactory, the shaft horsepower being 
18,614, and the coal consumption 1.59 pounds per indicated 
horsepower. 

The Liverpool, as the name suggests, belongs to the new 
“Town” class, of which nine are being built. The vessels are 
of the light, protective-deck type, with high speed, moderate 
armament, and great maneuvering power. They are 430 
feet long between perpendiculars, 47 feet broad, and at 15 feet 
3 inches draught have a displacement of 4,800 tons. The 
armament includes two 6-inch breech-loading guns—one on 
the forecastle and the other on the upper deck aft; ten 4-inch 
breech-loading guns—five on each broadside on the upper 
deck amidships; and two Maxim guns on the navigating 
bridge. There are also two submerged tubes for firing 18- 
inch torpedoes. Although the ships are unarmored, more than 
usually extensive arrangements have been made for ensuring 
the buoyancy of the ship in the event of the hull being per- 
forated, by extensive subdivision of the interior; and there is 
extending right fore and aft a nickel-steel armored deck, 
sloping at the sides to well below the water line. Under this 
deck there are extensive longitudinal and transverse bulk- 
heads, the machinery, for instance, being distributed over five 
compartments, while the boilers are arranged in three com- 
partments. The machinery is of the Parsons type, with four 
lines of shafts. A high-pressure ahead turbine and the sepa- 
rate high-pressure astern turbine are arranged on one shaft in 
each wing compartment, while one low-pressure ahead tur- 
bine, in which is embodied the low-pressure astern turbine, is 
mounted on each of the inside shafts in one central compart- 
ment, which also contains the maneuvering gear for all the 
turbines. There is no separate cruising turbine, the prin- 
ciple being adopted of arranging for the admission of steam 
at several stages in the high-pressure turbine, according to 
the power desired. The economy obtained in the Liverpool 
would seem to indicate that this is a satisfactory arrangement. 
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There are four propellers—one on each shaft. The auxiliary 
machinery and condensers are accommodated in two separate 
compartments abaft the main engine room.—"Engineering.” 
New Destroyers —The Admiralty has placed a contract 
with Messrs. Yarrow & Co., of Glasgow, for two torpedo- 
boat destroyers of special type involving many new features. 
In these vessels the Messrs. Yarrow will be allowed a free 
hand in the design of the machinery, and consequently the 
trials of these destroyers will be awaited with much interest. 
The forced-draft blowers on these vessels will be driven by 
‘Terry steam turbines of the type fitted in recent U. S. de- 
stroyers. Three of these turbines will be constructed by the 
Terry Steam Turbine Co. at their works in Hartford, and the 
remainder will be built by Messrs. Yarrow. Five sets in all 
will be placed on each vessel, each capable of furnishing 
25,000 c.f.m. against 4 inches maintained air pressure. 


SPAIN. 


The rehabilitation of the Spanish Navy begins with a Royal 
Decree published in the “Diario Oficial” of April 23, 1908, 
inviting tenders for modernizing the dockyards at Ferrol and 
Cartagena, and building the following new war vessels: Three 
battleships of about 15,000 tons; four gunboats of 800 tons; 
three destroyers of 350 tons; twenty-four torpedo boats of 
180 tons. 

It was stipulated that firms tendering must be domiciled in 
Spain, where the construction was to take place, but such home 
firms were allowed to co-operate with foreign establishments, 
who would give their technical guarantee for the execution 
of the work. 

The successful firm in the competition was the Sociedad 
Espafiola de Construccion Naval, a Spanish corporation or- 
ganized for this special work, and having the great advantage 
of the technical guarantees of three of the most important 
naval construction companies in the world. These are: Sir 
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W. G. Armstrong, Whitworth & Co., Limited, Messrs. John 
Brown & Co., Limited, and Messrs. Vickers Sons & Maxim, 
Limited. 

The new battleships, which are to be named Espata, Al- 
phonso XIII ard Jaime I, are to be built at Ferral and are 
said to embody the following particulars: Length between per- 
pendiculars, 435 feet; beam, 78 feet 9 inches; draught, 25 
feet 6 inches ; displacement, 15,450 tons; speed, 194 knots; bat- 
tery, eight 12-inch, twenty 4-inch Q.F. 

The 12-inch guns are in four turrets, all on the same level. 
The forward and after turrets are on the center line, the re- 
maining two being placed diagonally opposite, outboard. The 
arrangement permits all turrets to fire on either broadside, 
while three out of the four can fire directly ahead or astern. 
Ten 4-inch guns are placed on each broadside. 

The sides are protected by 9 inches armor at the water 
line, which is carried up tapering to 3 inches at the upper 
deck. A bulkhead 14 inches thick is carried down to the bilge 
tor protection against torpedo attack. The turrets and bar- 
bettes have 10 inches armor and the 4-inch guns are behind 
the 3-inch armor on sides. 

The machinery is of the Parsons turbine type, supplied with 
steam from Yarrow boilers. The turbines are arranged some- 
what differently from early practice, the turbines of all four 
shafts being in series. There are one high-pressure turbine, 
one intermediate and two low-pressure turbines, the last being 
on the wing shafts. The high-pressure turbine on the port in- 
board shaft exhausts into the intermediate-pressure turbine on 
the starboard inboard shaft, and the steam passes from the 
latter to the two low-pressure turbines. The inboard shafts 
have also high-pressure astern turbines, exhausting respec- 
tively into a low-pressure astern turbine within the same cas- 
ing as the low-pressure ahead turbine on the wing shafts. 
The arrangement of the ahead turbines, it is anticipated, will 
largely reduce the steam consumption at all powers, without in 
any way affecting the simplicity of maneuvering gear. 

The first ship, 2spaza, will be delivered in about three years’ 
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time, the second in four and a half years, and the third in six 
years. 

At Cartagena the gun-boat Recalde is practically complete, 
while the second ship of this class—the Laya—is framed to 
the upper deck. The remaining gunboats—the Bonifaz and 
Lauria—will be laid down as the berths become vacant. These 
gunboats are 200 feet long by 30 feet in breadth and will dis- 
place about 800 tons. They will each be armed by four 3-inch 
quick-firing guns and two Maxims. Their designed speed is 
13 knots, and the power of the reciprocating engines 1,100 in- 
dicated horsepower. Yarrow boilers working under natural 
draft will be fitted. The Recalde will be delivered complete 
next summer. 

The destroyers, which will be named Bustamente, Villamil 
and Requesens, are 220 feet long by 22 feet in breadth, and 
will displace about 370 tons. Each will be armed with five 6- 
pounder guns and two 18-inch deck torpedo tubes. Parsons 
turbines developing 6,250 horsepower will be fitted, giving the 
vessels a speed of 28 knots. The boilers will be of the modi- 
fied Normand type. Work will shortly be commenced on 
these destroyers, but as the first boat has not to be delivered 
for three years yet, no special pressure has been brought to 
bear in this direction. 

The torpedo boats, of which there will be twenty-four, are 
165 feet long by 16 feet 6 inches in width, and will displace 
about 180 tons. Parsons turbines, developing 3,700 horse- 
power, are being fitted, the steam being supplied by Normand 
boilers. The designed speed is 26 knots, and the armament 
will consist of three 3-pounder guns and three 18-inch torpedo 
tubes. The first three of these boats are to be delivered in 
about twelve months, and the work is well in hand.—‘En- 
gineering.” 
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Creole-—The Southern Pacific steamer Creole, the first 
large vessel to be fitted with Curtis turbines, has been recently 
refitted with reciprocating engines, by the Wm. Cramp & Sons 
S. & E. B. Co., Philadelphia. It is stated that the original 
machinery equipment, as described in the August, 1907, num- 
ber of the JourNAL, did not prove sufficiently economical to 
meet the expectations of the owners. In this connection, how- 
ever, it should be stated that the Curtis turbines as installed 
in the Creole were the first large marine turbines of this type 
built, and much improvement in economy has been made since 
their construction. The new machinery consists of two vertical, 
inverted, direct-acting, triple-expansion, surface-condensing 
engines with cylinders 27? inches, 464 inches, 79 inches diam- 
eter by 42 inches stroke, designed for 95 revolutions at 16 
knots. The vessel’s boiler equipment is the original ten Bab- 
cock & Wilcox water-tube marine boilers carrying a working 
pressure of 210 pounds above atmosphere with 50 degrees F. 
superheat. 

On her first voyage with the new machinery the Creole 
left New York at 12:10 P. M. May 25, and arrived at South 
Pass, mouth of Mississippi River, at 7:58 P. M. May 28, 6 
hours ahead of schedule. On account of dense fog it was im- 
possible to run full speed up the Mississippi River. The ves- 
sel, however, arrived at her pier at 10:20 A. M. May 30, 10 
minutes ahead of schedule. On the return trip this steamship 
sailed from New Orleans at 10:10 A. M. June 1, and arrived 
at her pier in New York at 3 P. M. June 5, 16 hours ahead 
of schedule time, thereby breaking all north-bound records 
between the two ports. The running time from bar to bar, 
south bound, was 103 hours 15 minutes, despite the fact that 
a delay of 2 hours 45 minutes was experienced between Scot- 
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land Light and Diamond Shoal on account of ranning at re- 
duced speed in a dense fog. The running time between South 
Pass and Scotland Light, north bound, was 92 hours 20 min- 
utes. The average speed, bar to bar both ways, was 16.55 
knots per hour. 

Later reports state that the Creole shows marked economy 
over the sister ship Momus of the same line. This is at- 
tributed chiefly to the Babcock & Wilcox boilers with super- 
heaters fitted on the Creole. 
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Henry W. Fitch, Chief Engineer, United States Navy, Re- 
tired, who died on May 19, 1910, was one of the founders of 
this Society. He entered the Navy as a Third Assistant En- 
gineer on May 3, 1859, and was promoted through the vari- 
ous grades, being commissioned a Chief Engineer March 4, 
1871. He served with credit and distinction throughout the 
Civil War and, though retired in 1894, he was on active duty 
during the Spanish War, his last active duty. Chief Engineer 
Fitch was one of the most active of the officers of the old En- 
gineer Corps. He was on duty at the Navy Department in the 
Bureau of Steam Engineering from 1877 to 1885 and was 
closely identified with the design of machinery for the first 
vessels of the new Navy. On several occasions he was a mem- 
ber of the engineering examining board, and was the in- 
spector of machinery for the Newark, one of the first cruisers 
of the new Navy, whose machinery marked enormous advance 
over what had previously been used in the Navy. Chief En- 
gineer Fitch will probably be remembered best because of his 
duty at the Naval Academy. The special course of instruc- 
tion for the Engineer Division of Naval Cadets of the First 
Class was instituted under his direction. This course he made 
a success, and many officers who received their engineering 
training under his instruction will remember him through all 
their years with gratitude and affection. His advice was ex- 
cellent; he corrected errors firmly and gently; he encouraged 
effort freely and generously. There are hundreds who feel 
that in his death they have lost a sincere friend. 

JOHN K. ROBISON. 
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_ Lieutenant Commander U. T. Holmes, U. S. N., has been 
elected by the Council as Secretary-Treasurer to fill the vacancy 
caused on June 30, 1910, by the resignation of Lieutenant 
H. C. Dinger, U. S. N. 


NEW MEMBERS. 


The following membership has been added to the Society 
since the publication of the list of Members and Associates in 
the February number: 


Members. 


Burns, F. D., Lieutenant, U. S. N. 

Caskey, G. L., Ensign, U. S. N. 

Church, A. T., Ensign, U. S. N. 

Decker, B. C., Commander, U. S. N. 

Dodd, E. H., Lieutenant, U. S. N. 

Doyle, S. H. R., Lieutenant, U. S. N. 

Foote, P. W., Lieutenant, U. S. N. 

Furlong, W. R., Ensign, U. S. N. 

Graham, J. S., Lieutenant, U. S. N. 

Hileman, J. L., Lieutenant, U. S. N. 

Hill, Owen, Lieutenant, U. S. N. 

Houston, V. S., Lieutenant Commander, U. S. N. 

Johnson, C. H., 3d Lieutenant of Engineers, U. S. R. C. S. 
Joyce, C. S., Lieutenant, U. S. N. 

Kalbfus, E. C., Lieutenant Commander, U. S. N. 

Kerr, Howard J., 3d Lieutenant of Engineers, U. S. R. 
Krafft, Kurt W., 3d Lieutenant of Engineers, U.S. R. 
Lackey, H. E., Lieutenant Commander, U. S. N. 

Leary, H. F., Lieutenant, U. S. N. 

Lewton, T’. G., 1st Lieutenant of Engineers, U. S. R. C. S. 
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McCrary, F. R., Lieutenant, U. S. N. 
McCullough, R. P., Lieutenant, U. S. N. 

Maglathlin, W. C., 2d Lieutenant of Engineers, U. S. R. C. S. 
Magruder, T. P., Commander, U. S. N. 

Mannix, D. P., Lieutenant, U. S. N. 

Mitchell, W. G., Lieutenant, U. S. N. 

Norman, A. C., 1st Lieutenant of Engineers, U. S. R. C. S. 
Orr, Henry C., Lieutenant, U. S. N. 

Palmer, L. C., Lieutenant Commander, U. S. N. 
Richardson, J. O., Lieutenant, U. S. N. 

Roach, Henry C., 3d Lieutenant of Engineers, U.S. R.C. S. 
Robinson, F. M., Lieutenant, U. S. N. 

Smead, W. A., Lieutenant, U. S. N. 

Stark, H. R., Lieutenant, U. S. N. 

Strickland, G. B., Midshipman, U. S. N. 

Williams, Hilary, Lieutenant Commander, U. S. N. 
Woodward, C. H., Lieutenant Commander, U. S. N. 
Wright, G. B., Ensign, U. S. N. 


Associates. 


Brown, Howard H., Editor International Marine Engineer- 
ing, 17 Battery Place, New York City. 

Cooper, L. T., Chief Machinist, U. S. N. 

Gordon, W. J., Engineer Department, Vickers Sons & 
Maxim, Barrow-in-Furness, England. 

Hermanrud, Torbjorn, 22 Edison St., Quincy Point, Mass. 

Hibbard, H. L., Cutler Hammer Mfg. Co., Milwaukee, 
Wis. 

Katzenstein, M. L., 65 East 81st Street, New York. 

Kemble, Parker H., District Manager Edison Electric II- 
luminating Co., 360 Pearl St., Brooklyn, N. Y. 

Leslie, S. I., The Leslie Co., Lyndhurst, N. J. 

Martin, George R., Navy Yard, New York. 

Martyn, David, 5903 Girard Ave., Philadelphia, Pa. 

Metten, J. F., Chief Engineer Wm. Cramp & Sons S. & E. 
Co., Philadelphia, Pa. 
Spear, George M., 855 N. Broad St., Philadelphia, Pa. 
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Stewart, Alex., Superintendent Motive Power, Southern 
Railway, Washington, D. C. 

Thomson, Harold, Engineer Superintendent, Elswick Ship- 
yard, Newcastle-on-Tyne, England. 

Walton, Geo. E., 71 John St., New York. 

Widell, Axel, Chief Engineer, M. C. N., Sverges Ang- 
panne Forening, Stockholm, Sweden. 

Members and Associates are earnestly requested to bring 
to the notice of those eligible to active and associate member- 
ship, the advantages of belonging to this Society. Blank ap- 
plications for membership will be sent by the Secretary-Treas- 
urer on request. 

With increased membership and with the finances of the 
Association in a prosperous condition, it is hoped to improve 
the standard of the JourNaL by paying more liberally for 
original contributions. 

A minimum rate of one dollar per page will be paid for 
original articles. This rate will be increased by vote of the 
Council for articles of special merit, particularly those giving 
the results of original research. 

Translations of original articles of merit will be paid for 
at an appropriate rate, having in view the difficulties in trans- 
lation. Foreign units should, when practicable, be changed to 
their English equivalents. ’ 
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